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Dlje Jlnstitution of %gini'i;rs (Jln5in) 


Tost l{(»x WK), CnU ulla. 


Mitmlcs of thv, I'ijicvHih AiiiikuI (tviiovl VcctiiKj laid at II a.t/t. 
in lliv (>Di<y oj Hie liiNlilnlidn, (i, (Inlxlntlc I\<nid, Culciillaf on 
ir<'f/Hr.v(/«//, llic lUh Jaitiiai'i/, 


PUKSl'AT. 


Mr. .M. H. Alkins 

(in tlio 4 Mi.'iir) 
Sir .laiiu's rilkoallily 
I >r. A. .larilino 
K’ai lialiaiiiir It. 1*. Varnia 
.Mr. .\. ('. Ansi ill 
S. A'. (JlioMi 


•Mr. . 1 . It. 4 irrrn\\o(*il 
(irilliii 

.\. It. Marlirlli 
taja Jta'ia 
►.II. Krinfrv 
4 'nl. 4 *. Ti-mpli; 

.Mr. .\. T. Wr.sloii 


tii! <’(ir(M>ra(<,‘ .M(*iiili<>r.s, 

(! Si iiili>nt.s. 

Mr. (*. 4 ’. Sral (Srcrrtarv). 


i*K4m’i:kihn(;s. 

Mr. .M. H. Atlciiis look Ilia Chair al, 11 a.ni. 

The Socrcliiry rriul llm Xnliir roiiviMiiiii' H'l; .M<*(‘1ing. 

1. The Minut4*s 4jf the Fourlviilli .\uiiiiai 4l(*iu>ral .Merlin}? larv- 

iii;f IxH'ji rin iilalnl were lakni a.s r<*a(l ami (•iiiilirinnl. 

2. Tlie .\nninrl Iteport of tlie (.'tiiinril ami the Amlileil Arcnniits 

for llie year einleil .’tlsl .Xiii’iisi, Ih.'tl were hamleil lo all mem 
hers |treseiit. 

Tile 4 'hairman tleall wiili iln* Ueport l»riellv ami exjilaimxl 
(he various items in the .\rroniiis. 

It was jiro]iose(| h.v Mr. S. .\. 4;hose lhal llie I{e|iort ami (he 
.Veeonnis lie ailofiled ami passed. 

This was seconded hy Lt.-Col. M. K(a}r:? and was larried. 

3. It was propo.sod hy Mr. T. A. Cnvry ihn .Messrs. Price, Water- 

house, Peat & Co., he re-ajipoinfed .Vmlilors (or (he year 
1931-35 at a reinmieration oJ Ks. :t,"»(l/- j»er annum. 
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4. 


5. 


i). 


Tliis wiis HeroiuUMl bj' Mi*. E. J. Jj. iireeinvocKl and was 
rai lied. 


The CUa'iiiiiaii reported that the Cimiicil had elected Kai 
ihiliadiii* II. 1*. Variiia as rresideiit ol‘ the Jiistitutiou for the 
year JJ>:M 35. 

The Chairman reported that iiinler Article 9 of the Constitu- 
tion the followiii^c MemiMirs had been elected by the Loral 
('entres to till the vacaiicie.s on the Council: — 


Mr. S. N. Chose 
,, A. Maciloiiald 


1 

t 


Denial Ontro. 


Dewaii llahadur A. V. Uamaliii^a Aiyar 
J)r. K. C. (Miakko 
Mr. E. .J. 11. Creenwoo<l 
Diwan Jlahadiir N. N. Ayyanjjar 

iMr. iiaj Naraiii ' i 

MoliNh. All I ^ i’*‘>v»ice8 

Kai Ilahatlur (Miudan Lai ) ^ 


1 


South India 
Centre. 


The Chaii'Uiaii reported that under Article 9 the followinjr 
('hairinen of Local Centres are ex otlicio Vi(*e-Fresideiits of 
the Institution : — 


Mr. A. C. Austin ... i»eMp:al Centre. 

M Franiroz 1). Mehta ... llonibay tVnti*e. 

,, K. II. Martin ... South India (Vntre. 

Khan lialurdur M. Abdul Aziz United Provinces Centre. 

T. The ('hairnian referretl to the Secretary's note on the tiiiaiicial 
etl’ect of till' pr<»posal for reduction of Subserijitious which 
hail been cir(*iilat<‘d with the Apuida, and ]K>inted out that 
ill tlie cireiiinstances exfdaineil tluueiii it would not be pru- 
dent. to ivdnce the Siibscri]dion8 until the amount borrowed 
from tlie (^i])ital Reserve Fund had been made jrood. Ho 
Niijr^rested that the matter be left in tlie bands of the Council. 

This was nnaiiiinonsly jr{yi*eed to, 

S. The (Miairnian announced that the Hritisli National Committee 
of the World J*ower t^oiilVreiiee had invited this Institiitioii 
to participate in thd (Chemical Engineering Congress to bo 
held in London in the Antumn of 1035. 

He asked any members wlio wished to attmid the Congress, 
to c<»ininuincate. with the Secretary to enable the latter to 
send their names to the Chairman of the Congress. 

9. The Chairnnrn asked Kai Bahadur B. J*. Varma the new Presi- 

dent to take the Chair. 

10. Kai Bahadur B. P. Varma took the Chair and delivered his 

Pi^esidential Address. 
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ANNUAL REPORT OF THE COUNCIL 
For the Year ended 31st August, 1934. 


MEMBERSHIP. 

The changes in the Membership (luring the jcar are shown in 
the following table: — 
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Additions up to 31st 
August, 1934:*— 
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Deductions up to 31st 
August, 1934 — 





i 

1 

1 





Transferred 

.. 

. . 

4 


10 

i .. 

j 

7 

• • 

1 

21 

Dff ceased • . 

. . 

.. 


1 

3 

! 

! ’ ’ 

• • 

• • 

1 

j •' 

6 

Resigned 


! 

! * • • 

10 

- 

15 


17 

1 

j 

i *' 

43 

Struck off 

•• 

.. .. 

IS 


16 

i 
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65 

Total deductions . . 
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• • . • 

31 

1 

44 

i 

1 ' • 

58 

1 

t •• 

1 

135 

Membership on 31st 
August, 1934 

11 

; 2 67 

324 

2 

SH7 

: 3 • 

191 

: 40 

IH 

1,245 


lOG members joined the Institution, 43 members resigned and 
G members died during the year. The names of 41 members were 
removed from the Meml»ership Kegistcr for non payment of subs- 
cription and 24 students ceased to be memliers of the Institution 
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iiM they reached the age limit. This resulted in a net decrease of 
8 mcJiiliers cTgaiiist 22 in the previous year. 

The following niembej'S retired from the Council during the 
year : — 


Mr. J\ N. Ihinerjee. 

F. C. Temple. 

Mr. K. JO. llhariicha. 

,, •!. IV Itradsha w. 

Dr. (1. W. Hurley. 

The r4>llowing luemhers W( 
iVIr. IV N. Hauer jee. 

(h)l. F. (V Temple. 

Mr. F. E. Hliarurha. 

Dr. <1. \V. Hurley. 


Dewan Hahadiir K. K. 

Codhule. 

Mr. S. K. Gurtu. 

Col. Sir George Willis. 

Hai Hahadiir M. (V Hijawat. 
Jvai Galiadur (V V. Krishna^ 
swamy Chctty. 

re-elected : — 

Dewan Halnrdiir K. Li. 
Godhole. 

Mr. S. K. Giirtu. 

Col. Sir George Willis. 

Kai Ihiliadiir M. C. Hijawat. 


Tin* following meiiihers were newly elected: — 
Kao Kaha.lur (}. Na^arai- ^ 

nam Ayyar. 


LOI^AL (^ENTKES. 

During the year Local Centres made good progress. Papers 
of considerable merit were read and discussed. Interesting 
lectures were delivered and many places of engineering interest 
were visited by the members. 

The satisfactory progims maintained by Ihe Local Centres 
is laTgely due to the keen interest taken by the Honorary Secre- 
taries. The Council takes this opportunity of convejdng to them 
its grateful thanks. 


HHlTlsri STANDARD SPEC^IFICATIONR. 

The Inst itnl ion rontiiiiMMl to act as the Tmlian Committee of 
the British Standards Institution and, as a re.snlt of the increas- 
ing activities of that body, a? large number of spt^cifleations were 
dealt with, covering a considerably wider field than was formerly 
the case. 

The Council found it necessary to consider a modificatipn in 
the ])r4M*eduve n<lopted for dealing with draft sped licat ions, 
llithertii they had bwii referred to im^mbers of the R[>ecifications 
Committee* whiidi was resjionsihle n>r deciding what steps were 
necessary in order to ascertain the views of representative persons 
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and linns in India, and for collating tho opinions ro<‘<Mvod, or, if 
necessary, appointing a Sub-Oommittee of experts to deal with' 
the reference. As members of the Specifications Committee were 
in \aiious L(»ral <Viitr(‘s of llie Institution, lurotings 4 *onld not Iw‘ 
lield. The business of the Committee was therefore necessarily 
coudueted by corresiKOidence. This led to some difliciilty when 
<lealiiig witli ni-genl relVremvs, and in gi‘neial (he system 

proved somewhat cumbersome and difficult to follow us the num- 
ber of specifications to be desalt with increased and the scope 
wi<lened. It wjis IlKM-efore diMddiMl to a))point an Adviser on 

Specifications who would decide the procetlure to be adopted in 

each indiviflnal ctrse in order to obtain representative opinion, 
thus relieving meiid)ers of the Siwcifica lions Committee of purely 
routine duties. It was also dechled to obtain the services of 

members of tlie Institiilioii and others who would act as Ciiair- 
inen of Sections to deal Avifh iM*ferciHH\s appcM'taiiiing to their 
partii'ular profc^ssional branch. The new system is at present in 
(he transition stage. 

During the year under iHwiew a large number of draft 
specifications were (‘onsidored and commented upon, special (con- 
sideration iK'ing given to their suitability to Indian (M)ndilions 
and retpiinmumts. The (\mncil takes this opportunity of tliaidc- 
ing those, luembers of the Institution, and others, who have coii- 
tribiited their views and suggestions. The Council would be 
gla<l if iiieinbcrs wlio an* itilen*sted in standard sped lit‘at ions, 
w'hetlier from the manufacturer's or user's standpoint, and who 
would be w'illing to assist the Institution ii this importa'iit work, 
W(mld signify their readiness to lielp, stating the parli<*nlar 
brancli of Engineering and type of Bi»eciiication upon which they 
are best (]na1ined to offer criticism. 

> 

1NTKJ{XATH).VAL KLEOTIlO TI'X^HNTOAL (lOMM ISSION 
A\J) THE WOULD I'OVVEK rONEEUEXJ'E. 

TIm* f^oiiiinl coiWiiiiiod to 5ict as llio Xafioiial fViiiiinUtoo of fho 
liiioriiatioiial El€*t'li'f»-l«*clini«"d tJoiiiiiiiNsion iiial the W<*rI(J 
Power Conference. 


JOURNAL. 

\ oluine Xiri of the Journal oontuininjt J’apera aeeepteJ 
by the Inslihitiou and dfsciissions thereon was issued in Julr. UKM. 

V y 

BULLETINS. 

3 Bulletins (Nos. 4J, 42 and 43) were issiunl during the year. 
They contained much useful information, such as additions to 
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the MeniberHhi|) list, particulars of new and revised Standard 
Si»e(;ilicatiouH and inatter.s of general interest. 

ANxNUAL SESSION. 

The Mlh Ainiiial Session was held in New Oellii in .lanuarv 
IJKM. The Annual (General Metdiug was presided over b}' Sir 
(lUthrie JIusstdl, and II. E. the Viceroy o! India graced the occa- 
sion with his j)re.sence at the Annual Dinner. Members attending 
the Session made a tour of the Iinj»erial i'ily and visited the 
following phones :— ia) The Kii<dvri Sewage Piinipiiig Station and 
faTiii, (b) llijai 3]aiidal and other Areliaeologieal buildings near 
Qiitab and (c) New Delhi Dower Station and untiltered Water 
Diiiiij)ing Station. Also there was a l^ipers Meeting in which the 
following ])apers Avere discussed : — 

ia) ‘‘Ti:m feeattke stresses in REINFOIU^ED 

RKK KWORK AND THE FAILERE OF REIN 
EOR('El) RRirKWORK JtOOKS ^ by I'rof. Raja 
Ram and Mr. Aiiaiid Saroop. 

(hi “THE |•OSSIIHIJTV OF FLOOD REOTLATION 
AND ( ONSERVxVTlON IN THE HIMALAYAS 
F(tR IRRKSATJON OR DOWER by Mr. d. AV. 
M<*ar(‘S. 


EXAMINATIONS. 


The Preliminary and 
were held in October, llKU 


Associate Membership Examinations 
There were lb candidates for Dart A, 
ami 17 tor Fart 11 of the A.ssociale Memhei'ship ICxamiiiatio]). Of 
these 7 passed in Fart A, and G in Fart H. There* Avas only one 
camlidate lor the Freliminary Examination Jind lie was unsuccess 

fill. 


vi(m:rows eartiiqt-akk relief fund. 

With a vi<»w to contrihutiiig Rs. l.OIML'- to II. E. the Viceroy's 
Earthquake Reli(*f Fund, fund was started by the Institution. 
The members were invited to contribute Re. l/-'each to this fund. 
The total collection aimmiited to Rs. 7d0/9/- and this amount Avas 
duly jmid into If. E. the Viceroy’s Earthquake Relief Fund. 

II. E. THE VICEROY’S PRIZE. 

This prize, A'aliie Rs. r»(K)/-, avus awardcMl to Mr. A. R. Reattie, 
Member, for his ptiper— “The B. T, U. IN AN INDIAN PAPER 
MILL.” 
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ROYAL CHARTER. 

The iieccssjM'j petit ieii was drsiftcd aiid signed for the purpose 
of submission to Tlis Majesty's (Joverniuent. 

HONOURS. 

Honours were conferred on the following members of the 
[nstitution. 

Knighthood Sir Manri<‘e M. Itrayshay. 

Diwan liahadur ... Diwan Ibihadur N. N. Ayyungur. 

O. 1>. E. ... Mr. II. P. Hha'umik. 

ACCOUNTS. 

The audited accounts for the year is ap]H‘nded. 
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Balance Sheet as at 31st August, M 


LIHBlLlTIEStSlIliDgYCItEDlT BALANCES. 

CAPITAL- 

PermaiieiitRtsemAccouBt- 
As pet last account 6 3 

A</i/:-EntraiiceFees 1,8*00(1 
Composition Fees 2U 0 0 
Transfer Fees _ 80 (1 0 W 00 
M6 63 


Donations 3,678 7 7 

Building Fupd- 

As per last Account ,„ 76,862 4 6 

Receipts „ 260 8 0 80,122 12 6 

1,63.417 104 

Snbscriptionsinadaance 

1.186 2 4 

Snupse 

168 2 0 

llABILITIES- 

For Expenses 575 0 6 

Sundry Creditors 681 411 

1,256 4 6 

B.E.S. A, Allowance Fond ,„ 

1,719 116 

NaUonil Electro<Teclinical Com* 

mittee (or India 

8,3 42 

library Deposit 

25 0 0 

Viceroy's Prise 

500 0 0 

'Imperial Bank of India 

(Secured on Investments) 

9,694 11 6 

Parehase of Books 

' 946 5 1 

EumlnillonFetsinAdnnce 

2,322 0 0 

Carried over Rs, 

1,81,319 35 


ASSETS A SUNDBY DEBIT BALANCES. 

BaildiDg- 

As per last Account ."/WaO 0 6 

Lfssi-Depreciationasper 
last Account 3,0J3 4 8 
less ;-Depreciation 

during the year IW 10 4 .8,650 15 0 J3,506 1 6 

FumitiireanilfittiBjs- 
As per last Account .,.11„3,36 83 
Addition during the year ••• 1,114 4 6 
i:,4.8i) 12 9 

Lfs.i ;“Depreciation 160 1 3 11,660 5 6 

Outstanding Subscriplions (of 
which Hi. .3.600 is considered 

doubtful) "■ 8,411 15 2 

Sundry Dehtors-Considered Good 1,745 14 6 

Deposit 11. P. Centre .*0 8 0 

Stock-Stationery 46 0 0 

Investments- 

.iUcan of 16,39- 44 for Rs,6:.800 6, 3„348 2 0 
4j'„ „ ,. l65,3-k0„ „ 14,000 1,3,228 5 0 
4». „ „ 1960-/0,, „ 5 000_5llfljl 0 81,576 7 0 

Hs 86,800 

Notet-Market Value as at 31st 
August 1634 Rs, 94.798 4 0 
Alliance Bank of Simla Ltd 
(Inliqn,)- 
(Recnvery Doubtful). 

On Permanent Reserve Account 5„35l 15 0 

„ Donation Account 11.7; I 1 I 

„ Suspense Account 5.298 1 4 

„ Bengal Centre Account 35 13 10 

22,456T.3 

iesri-Recovered 17,516 2 8 4,940 12 7 

Carried over Rs 1,81,938 0 8' 





RS. As. P. 
BrouflitlorwirdRs, 1, 81.319 3 3 


Rs, A, P. 
Brought forwirdRs. 1,81,938 0 3 


iBiioiMiidEiiieDditgnAeooDDt- 

Excess of Income over 
' Expenditure during 

the year .. \1,M U 


Irst;~Dr, Balance as 
per last Account 13,880113 


Adi:* Adjustments 
referring to former 
period,. M 70 0 0 
15,730 113 


Ins I' Adjustments 
referring to former 

period,, „ 12 7 0 13,708 7 3 1,7,331010 


ChirjesRecoverible-CousideredGood- 13 110 


Cnsh- 

Inhand „ „ 71112 

At Local Centres,, „ 996110 1,07112 2 


> 

t 

» 


Total Rs. 1.83.031 11 3 


Total Rs. 1,81,03111 3 


We have audited the above Balance Sheet with the Rooks of the Institution of Engineers (India), in which are 
incorporated the certified Returns from the Local Centres and have obtained all the information and explanations we have 
required. In our opinion such Balance Sheet is drawn up in conformity with the Law and exhibits a true and correct view 
of the Institution's affairs according to the best of our information and the explanations received by us and as shown by the 


Books of the Institution. 


(Sd,) PRICE, WATERHOUSE, PEAT fit CO„ 


Chartered Accountants \ 
Registered Accountants, j 


Calcutta, 

18th December, 1931, 




ft 
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EXPENDiniBE. 


Rs. As. P. 

To Salaries and Wages 

]m 12 9 

Postages 

I,.I73 8 b 

> 1 , Telegrams 

S3 6 

M Printing 

.377 1.3 0 

.. Stationery 

1,.3.S3 II II 

„ Conveyances 

223 2 b 

„ Rent and Taxes ... 

L8I3 1 0 

Lighting and Fans ^ ... 

301 .3 b 

M Journal ... 

1.0% 2 8 

1 , Bulletins 

b78 1 3 

M Issue of Papers 

8b9 14 3 

.. Annual Meeting - 

1.047 14 0 

.. Diplomas 

77 12 9 

Audit Fees 

3.30 0 0 

,, Charges General 

1.4II 1 4 

Telephone 

184 2 11 

M Examination 

lb9 8 9 

„ Subsidy to Local Centres ... 

37 2 b 

„ Bad Debts ... 

4.145 5 : 

„ 'Depreciation (Building) ... 

1,98b 111 4 

„ Depreciation (Furniture) ... 

790 7 3 

Gratuity 

1.30 (1 0 

„ Law Charges 

4 0 0 

„ Advertisement 

120 11 II 

,, Repairs to Building 

140 8 0 


3b,bl7 1211 

„ Balance being excess of In- 


come over Expenditure 


transferred to Balance 


Sheet 

1?;444 0 1 


. ' SiObUSO 



Interest 3,54D 1 1 


Sale of Standard Specifica- 
tions U S 3 


Sale of Publications - 1119 IS II 


Total Rs. "Mil iso 





PRESIDENTIAL ADDRESS 

BY 

Rat Bahadur B. P. VARMA. 
laiKSJDEiJT 1934 :ir>. 


Geutlemen, 

1 iim iulJy cMinsfious of tlio liouoiir which the inenibors 
of the Institution of Engineers <lii<li;i^ have «loiie ino l»y electing 
me us their l*resi<lent for the roiiiiiig year. Not having been 
iJireetly in toinh with ai'tiiai engineering for the last live years 
except on the recruiting side* the iiieiiibership of this Institution 
has been my only link wilh the general profession. J cirii, there- 
fore, hardly claim to deserve such an honour, which 1 regard us 
the greatest (hat can be conferred by <»ne*s brother engineers in 
this or any other country, tieiillemen, I thank you most siuctM'cly 
for this honour. 

I joined the Punjab Irrigalion in 1S9S wJieii the practical 
side of canal hydraulics was in its infain*y. While surveying or 
going about iiiy works in the jungles of the Punjab, I could have 
hardly dreamt of the ra|)id and substa’iitiai advances which the 
science of (Uigineering, in its various bran* lies iinduding Irriga- 
tion, has actually iiunle during this interval of thirty six years. I 
often used to <oine atu-oss iliniciilties and had recourse to crude 
devices to get over them. Ileing situated in reinote corners of the 
Province any help by way of advice or consultalion with senior 
engineers on such o<*cas1oiis was out fd’ tin* <|uestion. It. was on 
such occasions that the id(*a of an associa'tioii where (Uigineers 
could meet iov an exc liaiige of views or for rendering advice to the 
younger members of the profession, used to <‘ome to my mind, 
llow’over, situated as f was, the idea* only grew with my ludjdess- 
ness till .HK);"} when throiigli (he help of some senior members it 
inaterialibod in the shape i>f “The Engineers’ j\ssociation, 
Punjab.” The J Min jab Engineering Pongress followed it. six years 
later in 1911, iriid wJiiie the former served a very iise(‘ul ]>ur|>ose 
as a pioneer, the Congress has during the last tw<uity four years 
of its life done solid work fcir the good c»f the Province. The 
inauguration of this Institution in 1021 was the fulliliiienl, in the 
true sense, of my early hopes and desires. The Institution, 
gentlemen, though tr comparatively young body, has already 
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achieved it j^reat deal, and I have no doubt that greater achieve- 
meiilH await it in the future^ 

The t'JiilicM- history of the engineering profession is 
enshrouded in inysiery and dales back to the hoary past or the 
advent of the hninan race on the surface of this planet. The pro- 
gress of Jiuiiiau civilisalion synchronises Avitli the advances made 
in tlie science of engiiic'cring. The relics of bygone ages proclaim 
this fact and it is dillie.nJt to say whether even l»et<er performances 
by the engineers of the past have not been lost to us llirougii the 
desiruclive. agency of natural forces or hiiinan invaders, just as 
some of “The S<^ven Woinlers <d* the Old World” seem to have dis* 
aI^peaI•ed. Tlie relics of a very old eivilisation, those at 
Mohenjodar<» in Sind, were unearthed not very long ago. They 
are said to be llie oldest so far discovered in India; and those wln» 
have examined the ruins caridiilly, declare that it must have been 
an lip to date and magniticent town of its day. Whatever the 
town may lia.v<‘ Im-<mi like, one thing is 4*erlain, gcMJtlemen, viz. 
that its biiibhu's had ]»roviih^<l it. with an eflicient lira inage system, 
Imlh snrfjH’e ainl nnd<n*gronnd. The grainlcMir 4)r its houses, walls, 
baths a'lid gat<^s ean Im* r<*alised <»nly insuflicient ly at present from 
their size, <l(M*orai ions and otfier small remnants fcniinl in tiie. 
ruins, but the syst<^m of drains has not been so badly damaged 
a'lnl <‘an be se(*n ainl appreciate<l. Those who have studicMl it 
closely and carcdiilly tell me that it is as good as, if not better 
(lian, that of any newly lai<l init mothn'ii town, (lenllemen, T 4 *on- 
sith^r this as high praise for tlie aindent town planners and 
bnibb'i'N of M^du'iijodar^). lleing the hdlowers of ihat illustrious 
4*row4l. w«‘ should leel proini to belong to their profi‘Ssion ainl, at 
tin* same tinn*, be aide to boast of having this Institution to look 
after a*inl safi^gnanl our intersets, which ])erhaps the. engineers of 
Mohenjodaro did not have. Gentlemen, we ought to be doubly 
proud that w(' have to «lay gathered uinb‘r the roof of oiir “nnither 
institiitioir* in this country, eiiibraring as she does all those wiio 
pijudise engiiH'eriiig or could call themselves iiieinbers of that 
profession. 

The w'ork of a large number of engineers lies in remote atnl 
distant corinu's of this large country, and they have to earry it out 
not only under varying conditions of climate aud temperature but 
also under certain local ditTiciiUies peculiar to the place. If I 
may say so, gentlemen, the ravages caused by the great Earth- 
quake of danunry IfKU in certain parts of your own and the 
adjoining ytrovince of Tlihar and Orissa, will occur to you as 
furnislung examples of peculiar and local dilTiciiUies. Engineers, 
and may be several of our members, have taken and are still taking 
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a prominent part in repairing the damage done; but 1 would be 
de^KYrting from my own subjec^t if l^proeeod fiirl.ber to enlighten 
3 ’ou on Kome of their dillieultiejs met with in the diseharge of their 
duties. I, however, Iriist that my friend ("oloiud Temple, the 
Relief Engineer and Snpi>ly (dlU*er of the Hihar and Orissai 
(lovernment, who has had Jirst hand knowledge of the eonditions 
of the tract, would tell ns something of his experiences on some 
suitable omision. Whenever he does so, I am sure they will prove* 
both very int(*resting and instructive. * 

To return to my subject, gentlemen, when similar problems 
are met and faced at two different places, requiring different treat- 
ment and handling, a free and frank discussion of their merits can 
not but wbet our wdts and infuse zeal and enthusiasm into our 
efforts f<»r further investigations. l\y providing nieans for dis- 
cussing and exchanging view's on siudi pnddems, we not only 
enhance our knowledge but call iiptm the C2ipa«‘i ty and talents td 
those ougag(‘d in such disnissioiis to make further efforts to dis- 
cover the truth ahout tin* hitfilen Jaws of nature and to understand 
them. Wlieu thi‘ <lisi'iise has been correctly diiiguosinl, the 
problem of its cure becomes easy. Wlurlev(*r branch of (Uigincer- 
iiig w'e may turn our 2 itteutio?i to, ji clos<*r study of these hiw's be- 
comes more and more desirable, be<‘ause as the science progresses, 
Its eoTi/lict with nature becomes more and ]iif>re sreute, and if a 
mistake is made, nature is sure to tiud us out and punish us. f or 
this reason, the engineers of not very b>rig ago (say 10 years back) 
were rightly advised to j»rocc*ed cjniliously while frying to harness 
the forces of nature for the service of man. The engiiuH'rs of the 
j>reseut day can go forw'ard more rapidly a ul coniidcntly if lih*rai- 
lure deiiling with the past ex|»erience and J aowJedg<^ of those who 
W(»rked in the same or similar fields befon* tliein, is available for 
tJieir use. This knowledge and experience is not only rd great 
help to them hut will siive lot id time, trouble, and money <d all 
cont-erned. * 

In the old days i‘ngineers us«mI to come and go and carry their 
experience and knowh^dge of Indian [u*obl(»ms with them to 
countries and ]dax*es wliere it W'as of little use. Usimlly, the 
major fwirtion of it w%'is lost for ever, though a small fraction w'as 
perhaps preserved in books or iiamplilets published in countries 
other than India. This i-ecord, therefore, was not resrdily acces- 
sible or of iniH'h value to engineers working in Ibis country. The 
establishment of this Institution has provided a suitable reposi- 
tory and a sure means of disseminating sncli knowledge. The 
Institution ha's not failed to recogni.se this as one of its foremost 
fniH tioijs, but, as far as I know', not on any orgaiiifieiJ lines. The 
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only ^^00(1 JUKI useful model for tliis sort <»f work that I know of is 
the ^'eritral l>ojird of Irri^iiat^on utmI its inforniation Bureani. It, 
however, concerns itself only with Irripition problems, and it will 
be readily jidmitted tiuil one board, however well*equii»ped it may 
Ih^ ca'Uiiot meet the g(uieral reijuireiiients of every bninch of the 
engineering profe^on. Separate bosirds are required and will 
have to be. set uirfor Sanitary, Mechanical, Electrical and other 
branches of the; profession to oven-oine this difli«'iilty. 

la other countj'ies, iike Kng]Land and America, different 
branches of engineering jire repi^esoutCKl by jissocdations and socic-,. 
ties of their own. Unlike them, oiif' Institution comprises all tlie’.; 
branches of the professicui over the whole of India. This, gentle- 
ujen, IK a gigantic undertaking and, though quite worthy of this 
roi>itHt and young society, it neiKls a well thought out plan for tlie 
development of its several brjiiiches side by side. I am quite hope^ 
ful that with the 2 issistaiK*e of our members spread all over the 
counfry wc. sluill in jr short time he able to collect juid disseminate 
a vjist store of kiiowledgi* and iiifortiuif ion jiboiit engineering and 
ils present djiy prjicfices stiifed to flie peculiju* eonditions and 
needs of this eountry. 

I sils<» tliink, jiiid it will be ri^adily jidmittc^d, tbat. unlike other 
eouiitries, the c<iiiditions under which engineering w«>rks ait^ 
undertjiken, d(‘sigiie<l or built cimnge from ])rovince to [oovinco 
in this (*onnii*y, juid i‘(M|nii*<* parfieiihir trejitiiieiit jind handling: 
iiiid for this rejrson jiIso the collection of a vjuiety of exisM'ieiice 
has become a necessity for the profession. 

For all tfies<* nvisons I wish jiml would recommend that. ;i 
hiirean be f<ir 4 KMl and jidiiiiiiistered by this Institution, dealing 
sepaTJifely with jilt its liraiiches. It nmy not he possible t(» make 
a start <ui a coinprelieiisive sejile dealing wifli jill the braiK*hes, 
but we may begin Avith jis nurny as can be tackled at present, 
a<l<ling on <>thers and siib dividing all f»r any of them as necessity 
arises to* experience deimmds. I would suggest the naines of the 
folh)wing braiiehes of engineering with Ji centnil office at Ujil- 
i-iitia juid branches at suitable loeal centres for ;r beginning: — 

1. rivil Engriieeriiig. 

2 . E1<m‘ t r icj 1 1 liii gi iieeri n g. 

:i. Strnetnral and Architectural KiigiiUM^riiig. 

4. Sanitary Engineering. 

r>. Metdianical Engineering. 

(». Metallnrgicjil’ Engineering. 

7, Tndiistrial including Technological and Chemical 
Engiiiet‘ring, 
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Engineers, as a rule, are generous in imparting their own 
ex|)erienee and knowledge to others^, and 1 therefore feel quite 
contident that our own iiiemberK, ami other eminent engineers not 
as yet within our fold, would help our Jnstitution in this under- 



and eolleges have inereasefl — in fart, (»sie|i |•rovilM■t‘ ran e.laim at 
least on(‘ to itself, if not iiiort^-aiid roiiseqneiitly llie niiniher of 
engiiMM'riiig students and graduat<*s has heon inn(*asing from year 
to year, so lutieli so that it has beeorne iiii|H»ssiblr to liiid miiplf»y- 
iiient for them in the serviees under the (loverninent of the eomiliy. 
l’ud<M)btedly, trades and imhistries have also biMai dcwidoping s:*:e 
l»y side and ought to larve abs4»rbed a large nninlMM* of young 
engineers for work and training, but niifortiiiiately, on aeeoiiiit 
of tiuaneial string<*ney and trade liepression, this has not luen 
poijfKible. The engineering schools a*iid eolleges id' India slionld 
1hcrefon» try to keep abreast of the presei^: ilay re(|ijirenients of 
the trades and industries of the eiaintry. 'jheir teeliiiieai eoiirses 
should be moulded as far as possible in aeeordauee.with tIios<‘ re- 
quirements and tlieir pra<lieal training slaMild a'lso fedlow suit. 
More importanee should be nttavhed to specdalisaticMi, because 
without that it woidd be difYieult for stmlents to timi eiiqdoyineiit 
in trade or industry. In short, the stiuh^nts should be prepared 
as mueh for einployiitent in trades and iiidiisfries as nrMb*r fiovej'ji- 
ment, and the training iiii|»arted should be cd‘ a nature to befit 
them praetieally for some special class of work. 

In Clovernmeiit service there is no doubt the advantage that 
the candidate is given some training in the si»eei;rl class of work 
which he will be rc(Hiired tf> do during his service; wherfms trades 
and industries require trained hands. It is also somewhat un 
fortunate that the right kind of training in several branehes of 
the profession is difficult to obtain in India. In cases where it 
cannot l)e obtained in India, the student should be a<lvised by his 
college authorities to visit some foi*eign country where it may be 
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ol)fuiiiab1e. When Biidi advi<(* is given, I tru8t that due regard 
will be paid to the condifionK prevailing in thia country in regiird 
to (he particular branch of the profesaion or industry in which the 
Mtudent desires to be trained. 

he student of engineering has necessarily to 
that of others^ and it is the duty of onr 
j^to widen it by bringing their students face to 
y increasing their powers of observation, and 
iaracter by teaching self reliaiur, lionfst work 



that the engineering colleges and schools can 
N in this reK|MH‘^ but I would like them further 
y step forward nowadays means more acute 
Tlie signs of the times show that import* 
Sched to srieciallsatioTi after a proper theoretical 
eoum'^ahd practical training. A smattering of education in all 
or s(»me of (he braiudies of (he jirofessioii will not prove of much 
help to the sludeiifs. In fact, it would lia\e been preferable if 
soia(‘ of the engineering (olleges had specialised in only one or 
two brain lies ol the science of engineering and not saeriticed 
eniciency to coinpreliensiveiiess. Prarlical training is as much 
iier(»ssiiry as tlu'ondical, and (he colleges >\ill ha\e to combine 
with (heir theory an<l practice the deAelopment of character in 
their sludenis, so necessari for an engineer in his afl(‘r life. As 
the colleges belong to differeiit pro\inces, their onflook is 
naturally, iiioie or less, provim i.il, and thus some of them may 
find it diirnnll to reca'sl their eomses of edneation and practical 
training on (he lines suggested. lleni’O, 1 think that this work 
should lad ter be done iiiifier the ad\iee and giiidanee of this Insti 
tiition and in coiifoimi(\ >\ith the peenliar ruinireinents, if an\, 
of tlie f)ro^ hires concerned. The Institution represents the pro 
fessiou in India ainl should be able to axTomplish this task un- 
trammelled by any considerations other than those of purely pro 
fessional interests and the neeessily of iinpro\ing and aecelenrt- 
ing the education of engineers in fliis couiitry. 

The fact that the scltoids and colleges Isdoiig to different pro 
Vinces ought not to prove a bar or obstacle in the way of this 
A\ork, as it is not proposed to do anj'thing against provincial in- 
terests. The ((‘aching institutions will all remain provinci«*rl 
ass((s as at present, but the outlook of their education and train- 
ing will be improved in such a way thart it wdll not be confined to 
the provinces but will cover the interests of the whole country 
and of the profession in general. In other words, the colleges 
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iihoald be ablei to supply snilnblc bands praiterly educated anu 



TUftst' <i)‘ our .vomi}' jiumi who have rrrciill.v joiiic*) Ibc 
profession slionld not. lose heart heeaiise due lo fmaiHiial sirinjji'u- 
ey Ihe future cmtlook is not hright and the conditions .w 
refpirds eiaployment in (Jovernnient Service, trades or industries 
more dinicult tiian hefore. I am sms* these eonditicuis are not 
fioiji}; lo stay willi us for ever. Our i«>nnlry has enormous 
resources, such as larfie eiilluralde areas, vast {{e«do;!;ieal and 
mineral deposits, and sure eliujiees of o! laininjj eliea|) poAver. 
Thc.se resources, if projierly utilised and develoitnd, should have 
a marked and healthy effeet f»n the eronomi<f aspect of the country 
and its inhahiiants. In any profession progress rwpiircs patient, 
persistent and nipeated efforts, and .every slej) forward hau to 
thought out, as proceeiling in a hurry would be courting failure, 
liearing Ibis in mind, I Think the w<»rk before onr engineers is not 
only Iftge but such as |iromises a glorious field for their activi- 
ties, if they only apply theraseh’es to it sineendy, with eoui’age 
and an in/lomitable will. Tell me. of any other pi'ofesslon with 
such magnifiox*nt and altrafftive prosf»ectH before it. 

For tbe class of development work mentioned above engineers 
with imagination, self confidence and character will be required, 
but they alone will not suffice, and nothing will ho done till they 
join hands with a body of industrialists well qualified and trained 
in their own lines. This combination of capital, intelligence and 
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The Fifteenth Annual Dinner of the Institution of Engineers 
{India) was held at Peliti's Restaurant, Calcutta, on 10th 
January, 193 S. 

Uui Iliiliadiir IS. 1*. l^irKidoiif nt t|i<‘ Imditution, 

l^rcKided. llis KxcclIcrM'y (In* (Jovoi'iior of JSiMif'irl liononi'cd tbo 
lii.sliliitiiiu willi llis picsi'iu'c jis tlio I’liief (Siii'st. TIih otIvT 
won* tlio Iloii'lilo Sir JSrojoiidiu liiill iMiilor, llio llon’ldo Sir Jolin 
Woodheud, lIio Ilon'ldo Njiwali K. (i M. Kiiiiuiiii, Hr, L. L. 
I'Vriiior, Sir Thiiiiiiis AinsnMifjli. Mr. C. \V. (Siiriirr, Ll.-Ool 
II. N. (i. (ioary. .Mr. Js. V, II. .Symoiis and .Mr. .\. .V. Son (tiiida. 

llis ICxrollriit'v llio (lovoriior <•!' |S(>n;!:il |irti|Misod llio Toasl of 
•• Till-: KIMS K.MHKUdK.” 

Tho Prosidoid in iiroiiosin;; llio Toasl of “IMS KXi'rL- 
LKM V Tin: (SOVF.li.NOK OF ISK.MS.M/’ said 
Your J-:.\oo! Ionov, 

. On liolialf of till- iiioniliors of llio liisliliilion of l-inifinoors 
(liidiai it is niy most [iloasani duly lo o.vii nd lo Your li.xoollonoy 
a lioarly ^\olooiiio and lo ollor our ura-loful i auks for \oiir prosonoc 
lioro lo ni;j:hl. \Vo all know. Sir, lliat lill yoslorday you wo.ro 
fully oroujiiod willi llio visil of Tlioir K.wolloiioios llio Viooroy and 
llio C'ountosK of \Mllin;(don lo your oapilal, and IIk* fart lliat yon 
m'ooptod our iiivitalion shows wlial "a koon inloi-osl, you lake in 
lualfcrH perlaiuiiij' to our profossion. 

1 hin not quilo a slran},'or lo Yoiir K.voollonoy, having had the 
ploiiNuro and privilojio of nioolinjr you a1 Iiollil nearly two 
years a}(o, soon aflor you had asKiiniod oharffo of I his, llio laiKOst 
and niosi populou.s proviiico of India. The I'rosidonoy of l!oii;'irl, 
over which Your I-:.\colloncy holds sw;ry. can easily lioast of as 
iiiaiiy oiiftiiiocriti}' ai'hiovonionls as her sislor provinces, while Iho 
city of Calcutta, whore we are assonihlod lo nijflil, ha.s hoon very 
fittinffly oallod “a nionuuiont of jrroal, onjrincorinj' achiovonieiitN, 
the home of induslrios, and the conln* from wliiidi has radiat,c<l 
so much that is concerned with the development of India 
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Nor is Your Excellency unfamiliar with one of the principal 
sources from which so much ins|nration in the engineering sphere 
is derived. If there is any purticulirr area Jn tiie Ridtish Isles 
to which we, professional engineers in India, may fittingly look 
as a spiritual home, it is perhaps to that small stretch of country 
which lies between the Tweed and the twilight of the highland 
mists. In whatever corner of the Empire one may penetrate, 
men from lowland, hill and town are to be found wrestling with 
the intractable forces of nature and imparting their knowledge 
freely', not according to the deaxl letter of the book, but spiced 
with a sage philosophy of life, and a humour never more 
conspicuous than in its alleged absence. I venture to think, Sir, 
that wx* in India Inive not been slow to profit by such instruetioii 
and can, by now, shoAv many iiide|MMident works worthy of our 
tutors. 

I will not presume to comi)are the technical ditliciilhes we 
have to ov<n*coine with the far greater administrative problems 
with which Your Kxcellcrufy is fared; yet 1 am bohl to suggest 
that those qualitu's of head and heart whiidi ycni too have brought 
fnuii that northern Jainl and wliich we have watclied you exorcise 
so ably, provide an inspiring examph% aUadt in a higlier s])here, 
tif what we in our small way try to bring to our various tasks. 
Those tasks often keep ns fully occupied. One of the larg(‘st rivers 
in this, or any other country cuts across your Province. Its heha.' 
vunir is erratic, its strength prodigious. WV hav(*, it is true, 
sfuinncd its waters to llie great henelit of internal comniunications 
within the ariMi, >rt tin' river is lor cv«*r attf'iuptiiig l(» elude our 
grasp and iiiireinitting care and watchfulness is the price we must 
pay for our victory. 

Your Excelloiuy’s widespread sympathy with all that pertains 
to the dcvelopiiK'nt of the JTovinoe and the town of (\ilcutta is 
well known, these times of tiiiaiieial stringency notwithstanding. 
The interests of the engineering profession in all its brancln's are 
represented in this city, and 1 am sorry to say that they have 
suffered oqtially with the rest of India during the last five ycNirs or 
more. All the same, Sir. I assure yon that^tho engineering 
fraternity is not downhearted but is confidently awxutiug the re 
turn of more prosperous times. An engineer’s duty has always 
been to siTve his fellow' beings by controlling the natural forces 
around him in the interests of civilization. If an engineer feels a 
pride in i*endering such service, I trust it will be pardoned. We 
have suffered in the immediate past but our spirits are high and 
the return of better times will, I hope, present us with renewed 
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(»pj»ortunities of continuinj]^ our* efforls. Tlafiz of Shiraz, tlio 
famous pool of IVrsia, oiioo said about the Soolies of bis 

j j I j ^ 

«-• I • J ^ ^ ^ ^ ^ I 

“Thai man iiovor clios uiiosc; lioail hits l»oc»n fiml wifh tlio 

passion to serve his fellows, and so Our eleriuil exisfenee is 

enrolled on the seroll of the universe/’ 

These are brave words, and 1 think tlu‘v are true of tlie best 
enf^iiie(‘Ps of to-day as they were of the Soolies of old. 

Gentlemen, 1 will not detain you lon^M*, as there iir <5 other 
speakers also, whom you would wish to hear to ni^ht. I now' ask 
you to rise and drink to tlie health of llis Excellency the Right 
Jlon’ble Sir Joliii Anderson, Governor of Renga). 

llis Excellency the thiveriior of Reiigal, in reply, said : - - 
Mu, YaUMA, (iKNTI.r.MKN^ 

Although it is less than a year since* I last liad tlie firivilego 
and pleasure of dining with yon as your guest at yioir Aiinaal 
Dinner it is peculiarly true lo say that much water has fiovved 
under the bridges in those ten and a* half months. Jn fact, those 
of yon who have had rf*sf»oiisib]Iitics in connect i<m with bridges--! 
am thinking at the moment more parlicnlarly of the, llardinge 
Rri<lg<*, but it is only one of many- will probaldy say that a great 
deal too much water has flowed and f eaa well imagine your feed 
ings as the never-ceasing Hood bore dow’n iij^ou ymi and threaRnied 
destruction to your handiwork wdiicb, great as it is, is finny coin 
pared to the TiUnic forces which Nature is fond of loosing occa- 
sionally to prevent us mortals from having too good a conceit of 
ourselvt's. 

I can also w'cll imagine that, in moments of depression, pos- 
sibly bordering on despair, at S(*eing vast volumes of surging 
water advameing as relentlessly as Time or Fate, yon may have 
thought of an envied Noah who, when his ronstriictional work was 
done could forget about it and could spend his time doing a 
pleasure cruise in the most complete travelling menagerie of which 
history holds any record. I have no doubt, how'ever, that Noah 
had his problems and w'orries and that Zoology, Cvalerlng prolilems 
and marine engineering to say nothing of a wife and several 
children kept him busy and anxious, for, as T get older, I tend to 
think that one of the truest things that has ever been said is ^‘Man 
is bom unto trouble as the sparks fly upward.” 
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To nielli, liowcivor, you banish troiiblo and dull rare and with 
easy eonscienreH — I i(‘(d sure 1 am coireet -J'ori'et about the toils 
and travails of the past year and eonifort youcselves by good fed- 
lowsiiip and good rheer. 

Tlie spirit of your dinner seems to have infused itself into me 
last year to sueii an extent that tlinging to the winds that eaiition 
wliieli is supposed t(» be eliaraeteristie of ]»eople who (‘ome from 
iny part of the world I really let iiiys<df go. 1 don’t habitually use 
slang ex|)r4‘ssions but afli‘e re rea4ling my speeeh .1 eoiifess it 
oeeiirre<l lo my mind that an up to (late Amerit^aii might have 
des<*rib(Ml me as Jurving *MribbhMl a bibful.” 

1 said, and I meant what 1 said, the most irsoiinding and 
magnilie(*iil things about lOngiiuMMs ami I said so many of tlauii that 
theri^ is ainiost nothing left for im* to say withonr r(*p(si ting myself. 

Apart from the fa('t that it would la*, an insult t(» your luC' 
mories to ntpisrt niysidf, 1 objiM't to doing so on prineipi(^ I am 
sure you will agree* and that yeni would e(|ually agr(*e if you belong- 
ed to the sistcM* pndVssioii of mediriiie that post [»randial repetition 
in any form is, if possible, t(» be avoided. 

AUell, genthmien, as j^ou will sett I have assumed that you do 
not. want a. long and s<*rious speeeh (ui a festive oe(‘asion like this 
and I r(*ally intiuid to Im* (piite brief. 

1 thank you very mm h for the lionour you have done me in 
asking me for tin* s(*(*oml y(*a'r in siie4*(\ssion t(» dim* with y(»u and 
I am V(*ry glad that my engageim*nts ha\(* math* it possible f<»r mo 
to Im* her(* this (*\ening. I am also mueh imh*bt(*d to your Presi- 
dent, Mr. Variiia, for the >erv kind and fla'ttering remarks In* 
made win*n proposing tin* toast of my h(‘alth and to yini, g(*ntle' 
nu*u, for the manner in >\hi<*h you reeei\eil that toast. I do md 
sp(*ai\ anything but the truth w li(*n 1 t(*il yon that 1 ha\(* always 
had a great admiration for engineers and their works. Vtmr Prtv 
sideiit r(*ferred t(» the out standing examtdes of engine(‘ring skill 
that tire to he si*en in my mrtive land. ( hn* <»f my earliest reeoilee- 
tions is <»f walking aer«»Ns the I'ortli llridge h(*for«* it was o|>ened 
lo Iratlie. ami I Jia\(* lat(*!y seen the vast ehanges wnnight over 
hundnsls of s(inare miles liy the tiraiupian hydro elect rie seheinc 
\\hieh incidentally has involved the driving of a great tunnel 
through the heart of Seotlamrs biggest motintaiii. Here in Cal- 
eutta I ca'timd help lH*iug eonstantly r(*mitnh*d of the fact that the 
liotis(* in which I live was built by an engim*er— a massive strueturo 
covering a with* area and resting, I suppost*, on almost tin* worst 
foitmhrtion imaginable yet it stands a monument of sedidity and 
strength unafleeted either by eonstant changes in water levels or 
by recurring eartlupiake tremors. 
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J can scarcely think that any intelligent human bcin^ is not 
intcirsted in what may ri«»;htly be callcil the woiulcrs of en^rineer 
in^ and the (Joverupr of Denial has, perforce, to take a keen prac- 
tical interest in addition to an intellectuai interest in enj^ineer- 
in<: matters lor. in this l^roviiice, they play no small part in the 
general administration. The many rivers of Deiigal see to that, 
and provide us witJi problems -generally emergent - of bridging 
and river training and. when the solution of the latter proves 
a'b(»rtive or impossible. <Mir Road and Jlnibling Engineers have to 
r(»me into action at the gallop to make new «onsl ructions to re- 
[daee those that have been eiigulfeil a*inl washed away. JSIr. 
Varma had sfKMdal wonls 4d‘ praise to b(»sto\\ — and bestow 
deservedly 4>n tin* great migineering achievements to hi* 
seen on «‘very hand in fab utta. Tht^se L think we might call the 
Il4>wers i»f peace and prospiuity — the outward and visibh* signs of 
the perfeidion of the art and science of ei\il engineering. 

I join Jiiiii in that praist^ but my thoughts tly at to (dh(*r 

teats performed out in the inofussil with nothing to show ftn* them 
except tin* fa<d tinrt a titwnship still stands saf(^ and sound or that 
tliiMisands of < nitivators ha\e harvested their <‘ri»|>s in scM'iirity and 
1 woubi like to pay a tribute to tlici standing work dom^ in eirier- 
gcMieies by engiiUMUs in tin* distri<ds. oftmi in (‘oiniitions of discoin 
tort, 4lang4*r and eha<»s aft<*r natural <*aianMlies, woil.»ng 
desperately against tiiin* with improvisiMl nurt<udals ainl iaiMUir 
ami every kijid of iiurkeshift. The story with whiidi we were all, 1 
sn))pos(*, r(*gabMl in our youth id* the boy ln*ro whir lay a wlude 
night through with his arm thrust into the br<*a(di in an lunbaid; 
nient which threateiuMl t<» inuiulatf* tin* tiidds and hoiiH'steads of 
his p(M)|de pab*s into insignltiiaihe beside *iie actual achievaunents 
which are inatt<M's id' everyday expiu-iiuice li<*n-. 

I’ii-tun* to yourselv<‘s a pilch black night with rain pojiring 
down, a slip)M*ry embanknieiit on the other side of whi<di a Hooded 
river is hurtling down rising 4»very hour ainl tlireatening to ovtu top 
the embankment and with tin* overtopp"'^ 1*’ start ;r breach which 
ill rapidly o|>en enjt, to jmjiii* tiUTCiits of water over a wliob? 
countryside. Then imagine the task of the engineer on the sjad 
with ])robably mdhing but a labour force of undisciplined and 
un(»rganized lo<‘al cisdies. I think you will join wdth iii<^ in saying 
that a<linirable as are the luagiiiticent engineering feats <loiie at 
leisure and after the most earefiil thought and plannijig ami 
h(>w*ever mneh they may be a mirror of the eiiltnre of the agi*, yet, 
since it is coiiragi'j that keeps a rartc* virile and since without 
courage culture leads inevitably to decadence, the c(uirage of the 
engineers in the inofussil and the way they rise to tlie oeeasiou is 
u thing of which the profession may he even more proud. 
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While; Btill on the subje-et of engineering in ('aleutla 1 cannot 
forbear from ineiitioniiig the ilowrah Rridge — the old one, for in 
October Isrst year — J931 - this wonderful structure attained, even 
if it did not celebrale, its Diamond Jubilee having been opened to 
tralTic 0(1 years before in October ISTi. It is a wonderful tribute 
to Sir Ilradford Leslie and the engineers of those days that they 
should lurve (h;sign(;d and (^onstrurted a bridge which has proved 
capable of taking the swtillen stream f>f modern tradic. When yon 
consider the growth <if the city and of its indnsi rialisni, to say 
nothing of the invention of the internal combustion 
engine and its application to motor vebicles with the <-on8(‘<pienl 
great increase in loads their wise foresight and planning seem all 
the more remarkable. 

Ten years ago at ycuir Ith Annual Dinner, Lo?d Lytlon an 
iiounced that (lovernment laid de<‘ided to (‘(instruct a in*w Mowrah 
Rridge and had ]irctiaT(;d a Jlill which Avould be. pn'Si^nfed to tlie 
Legislative (Vnincil lat(‘r in the year. 

I beli(‘ve that Sir Stanley Jat^ksoii on orn^ occasion said in 
[iiiblic that, on \acating ollicc* he ex[»eet(*d to driv(‘ out of t'aicntta 
ov«»r the new llridge. 

All I will say is that work on the m»w Dridge is as far as can 
1)0 hnmanly foivseen definitely going to start this year and that 
with lin^k my successor may tind himself driving ov(‘r the new 
Bridge b(»for(; he h'aves Bengal. You wdll note that nn* native 
caution has returned. 

As irgards the rest of tin* Province, we, in common, with other 
Provinces, are busily engaged on a large programme of ro.nl and 
bridge^ const met ion w hich >\ill not only provide a great deal of 
employment and stimulate trade hut, it is lioped, by providing 
inclosed faciliti(*s for eonununi(*ations and inaTketing will pin*- 
manently raise the g<*m‘ral C('onomic level of the Province. 

Our Frrigation I'^ngiin'crs are at work on projects for supplying 
water to tracts which have sufftTod from drought owing to the 
decademee of rivers or other causes and a considerable measure of 
success lias attended one important project of this nature which I 
liad the pleasure of opening at Rondiiv in September lO'lo — tlie 
Datnodar Irrigation CainU. 

The lirst j'ear of the working of this Canal showed an enhanced 
paddy ontturn, both of grain and stalk in the lands wdiich took the 
water w'hile in those lauds in the same locality which did not do 
so the paddy crop either failed altogether or was extremely poor. 

Now% gentlemen, before I resume my seat I should like to 
congratulate you on being so fortunate as to hswe Mr. Varma as 
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jour rresidtMit, and to say how appropriaU* it is that you should 
have accorded this honour to him for I think 1 am correct in saying 
thart he might well be regarded as the Father of your Institution. 

It was he who started the tirst Association of Engineers that 
ever existed in India when thirty years ago he established “The 
Engineers' Association, Punjab/’ and he was largely iiistruniental 
in founding the larger all-India body which is now hu firmly 
established. 

His personal career has been as distinguished as it has been 
long. It started as far bac'k as 18S1S (I begin to think of the Howrah 
llridge) and he rose to the iiighest post possible, that of t'liief 
Engineer and Secretary to the Punjab (JoveriiiiieiU, Irrigation 
Hranch, before he was translated some four yc»ai*s ago to tlu? 
Public Services Commission. 

In honouring a nisrii like this you have dcuie hojiour to your 
selves. 

tWuvtletueii, 1 tluiiik you aga*iii for your very kiiul vvcdi’oiiie and 
hospitality and trust that 1 have not taken up too mueh of your 
time. 

Sir Guthrie Itussell in proposing the Toast “ Cur Guests. ” 
said : — 

Your Excellency, Mr. President ami Genlleiiien, 

A year ago I had the honour of presiding at this dinner and 
proimsing the health of the guest of the e\(*ijing, Mis Jvveelleucy 
the Viceroy. This y(‘ai*, though I have Is a dt*gradei| two places 
on the table, the onerous task of projiosing the lieailli of our other 
guests hsMs fallen on me. At a recent dinner in J>elhi 1 hear«l a 
story, and though some of our guests to niglit may have ^)een 
present at the same dinner, J am taking the lilsTty of repeating 
that story, as it very accurately describes niy position this even- 

During the Gi*eat War, 1 think, in GaHifstli, a Company f)f 
Hritish troops was driven back from a K(*cfion of the line it was 
holding. A StiiiF Ofllcer dashed up and insf rucied the C<iinpariy 
Commander to re-tiike the scHitioii and restore the front line. Tlie 
Company Commander hesitated for a ruonient and turning to the 
Staff Officer said ^*1 shall do iny best but yrni must reincunber tliat 
I am not a real soldier. I am only an Iroiimongi^p.” I, Kir, am 
not a real orator. I am only an ordinary Engineifr. My i>osition 
is made all the more difficult following the eloquence of Your 
Excellency and that of our President, [md coming before what will 
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I know Ik? tlie ]>oliKh(Kl phrsirsc^s of tboKo who are about to follow 
jne., all f ran Kay Ih that I Khali do my best like our friend the 
Ironiiiojit^er. 

I think we, as an InKtiliition, have reason to eon^natiilate onr 
selvoK that ha*ve ;ralhere<i ti»t?ethor this eveniiif' so many dis- 
tingiiiKhed ^^nosts. Their iianies are household words not only in 
Helical but throii;rh<Mib India. If I were to e>ct<»j the merits of 
them all 1 would merely be. telling what you know already they are 
men that eount in Oovcuaiiiient, in trade, in Industry, in Ibnikint', 
and in the learned pndessioiiH. I would merely < rave permission 
to make speeial meiitiiui of one. and 1 Jiave ^^ot to be very euTefiil 
in what 1 say a'boiit him as it is he who has undertaken the task 
of replying; to this toast. I speeiaily wish to thank Sir Hrojendra 
Mitter for undertaking' this duly. As originally arran^'ed Sir 
Ni(»endra Sir<‘ar should haw made this reply, but at the last 
niojuent he was prevented from iloin^ so and Sir Hrojendra 
Mittei* like Hu* sportsman he is has taken his plan*. 

Th(‘re are some liere to nij'ht who must have ha<l tlie privilef'e 
of iieariii;' Sir l>rojendra> as Leader of the House in the Assembly 
replying' t<» a d<diate, a debate duriiiji: whirh to all appearanet^s he 
ha<i slept the wiiole time. So far as I havt* noti<‘ed this evening he. 
lias been awak(‘ so I leel <|uite sure lliat Our (Juests in havinjr Sir 
Hrojendra to answer for them are in saf<‘ hamls. 

Heiitlemen I ask you to rise and drink to the health of our 
quests eoupled with tin? na'iue of Sir Hrojendra .Mitt(U'. 

M'he lloiride Sir Hrojendra Mitter, in reply, said: — 

Sir, this is not thi‘ lirst time that 1 have had the pleasure of 
enjoj-inj' your hospitality. I <leeiii it a ^reat privilege to be called 
upon to res|Munl to the toast proposed in such felicitous terms and 
so warmly received. On behalf of my fellow ;!;uests and on my own 
behalf 1 thank you most heartily for the «]:enerous repast srinl for 
the opportunity of meeting .so many distiiij'iiished members of the 
Kn;*ineerin^ profession, some of whom 1 can claim as ohl friends. 

Sir, tliis is a remarkable "atherin;;. Durin^i' the hrst fortnij'ht 
we had, in Calcutta, a notable muster of eminent scientists, lirst, 
in eotinection with the Science Uoii«;ress, and then, in C4>nnertitm 
with the inaii^'iiration of the National Institute of Scienee. The 
majority of those eiiiiueiit men are heroes «>f the laboratory, stM'k* 
iiip to wrest from Nature her secrets, while the present Company 
consists of men of mettle who daily apply the discoveries of science 
to practical use. 
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Wp, in Eengal, are ronfronteil with sinli a divei’sUy of pro- 
hloms which you geiitlciiieii must solve, that we are particularly 
happy to meet you. Our mighty rivers must he spanned : our 
dyiii^ sfrtNuns and hroad marshes must Im* reclaimed; Koads jrnd 
Hailways must penetrate the interior, not in i^ompetition, hut in 
cooperation, to carry onr iirothicf to the market: vast tracts of 
the country must he protected from de\asiat in^' flood (»r saved from 
the blight (d* droii;;;ht ; our watm* courses must he used for qui4*k 
transport. And, <les[dte the stiqt motherly treatment of the Kail- 
way Ihianl, 4Mial must he \V(»n fnun our mim‘s. All this is necessary 
for our e<Minoiiii(' devtdopmeiit. and we constantly want your help. 
In this ohs<‘ure a'lnl lU'^lected corner of India yciiir ]U'<*seiU‘«‘ in smdi 
nnmher inspires ho]»e in us. 

Sir, in tln*s<^ days no two nnm can me<d without talking alsuit 
the (Nuistitution. 1 wonder, «:<‘Ut h*men, whether you evmi thought 
of 4UU* of the parado\(»s of our piihlir life. !OujiimH*rin;j pnd»l«‘ms 
are aiinm^ the htreuntst in this country; yet in our |>uhlic hotlies, 
he they Le^^islat ur<^s. District lh»arils or Miiiiitapal lloanls, tinu'e 
jrre liardly any eii<.;:im*ers. Wrr<‘ I a dictah>r, 1 would hav<‘ intro 
du<<*il o(M‘upati4inal framhisi* into the n(‘W' Uoiistiliil ion. 

Sir, r<*ier4‘iM<» has he<»n niadi* to the Howrah r»rid;*:<», I lan 
n<»t nvsist tin* temfdatioii of ndatin^au iiM‘i<lent to you. At a te 
c‘ent symposium of dislin^uish(‘d Sidtuitists, the Howrah llridf^e 
<'ame in for ilisiMission. Why wa’s there so much liiuitlily, such 
dit1Vreuc(*s of opinion ami such inordinate diday? Various thi‘o 
ri4‘s W4‘n‘ propounded from relativity to liiiance. Tlu* theory, 
ln»wev<*r, which s4Tur<'d f^emual as.seiit \va< tliat in En^imauiiij: 
Si hools, CO edue;iii«»n had not yi*t been init mIucoiI. You may WidI 
pomh*r over it for the heiielil of, future ^ein*rations of lOn^iiieers. 

Sir, I would have loved to touch upon many oIIhu* matters <»f 
interest to you. JSiit last evening; I chane<M| to nn*4*t Sir dames 
JMtkf'athly at a po|)uhir ?*(*sta'urant. Ih* was in a hilarious inotMl. 
He s^demiily admonished me not to tire I lie patience of the 1 miners 
t(eni;^ht. I must tlnu'efon* coticiude by wishing' the Institution of 
Eiiffineers a lon^ life of prosperity ainl continmMl success. 

The lloirhle Sir John Woodhead in proposing: tln‘ Tciast. of 
‘ The Instirutioir* sai<l : — 

Your Exiellency, Mr. IVesident and fientlemen : 

It wa‘s early in I><*eeinher last that Mr. Atkins, on behalf of 
the fkiuncil, invited me to attend the .irdh Annual Hinner of the 
Institution of Eiifcineers and jH'Coiiipanied that invitation with the 
request that 1 should propo.se the toast of the ‘‘Institution.’’ At 
the time 1 thout;j:ht that the Council and Mr, Atkins were a little 
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ra!8h in uHkin^ me to undertake that task and the more I have 
thought over the inuUer during the last few days the more con- 
vinced 1 am that Mr. Atkins, whom I personally know as a most 
careful nuni, has b(*eu guilty of an error of judgment. The whole 
trouble, gentlemen, is that f am not an engineer, neither born nor 
made, and surrouiidfMl as I am by engiiie<*rs to-night — ^aiid not only 
engineers but engineers who jsissess the hall-maTk of Membership 
of the Institution — 1 feel a certain amount of trepidation in speak- 
ing to you of engineering in general and your Institution in 
[ujrtieular. 

As Mr. Atkins appeared to be largely responsible for placing 
me in this ralher ditlicult jiosition, I naturally appealed to him for 
assistaix'e. I hojaMl that lie w'ould tell me what to say — speakers 
are often told whaf (hey should say — and of course 1 was hoidng 
for some novel suggestion, something by which I amid hold your 
attentbm, for instance* perhaps something about digging for gold 
in the streets of Uaicnita— Mr. Atkins has done a lot of digging in 
('!Hlcutla-“‘Or a true story about tlie Dhakiiria Lake Monster, lint 
no, do you kinnv wbat he sent me, a book eoutaibing the constitn* 
tion of the rustitution, several volumes of the Jnstitutioirs Jour- 
nal and other papers, and suggested that I should read them. And, 
gentlemen, would yon believe it, 1 have road some of them and 
what is more I have* brought some of them with me to night so 
that 1 can refer to them if necessary, 

( 'Onstitiitioiis are usually dry things—arid during the last .'1 
yeai*s or so 1 have seen sutlicient of constitution making to last me 
Jiiy life time — but there were one or two items in the list of 
objects of your Institution which seemed to strike a note to which 
I, although not an engine<T, could respond! As Finance Member 
of a province which persists in disclosing a delicit 1 w'irs particu- 
larly attracted by object {\} “to avrepf ant/ hrqni:.^f gift, donation 
or snbftcy'iption/* also by object (o) “to borrow or atcaV' — no I 
apologise* not to stval but to raisv — “to bornnr or raise money, 
again by item ^t) “to malxv, accept, endorse, ejrente, issue and nego- 
tiate promissory notes, bills of ej-changc and other negotiable in- 
struun nts.-' (lent leiiicn, it was news to me to discover that “low 
Itua'nee’' and “high engineering” ivere so closely cronnected. 
Having made that discovery I read a little further and found that 
the Institution is authorised to attach — a most significant word — 
to itself persons called subscribers. According to the Constitution, 
these sultscribers pay an annual subscription of Rs. 50/- but are 
not i)crmitted to vote— excellent arrangement, and one 
which speaks volumes for ue constitutional acumen of 3 *our 
founders. 
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x\nd, gentlemen, having found points of contact between 
finance and engineering I feel more at my ease and not quite so 
nervous about speaking of engineers and their profession. 

During the last century men of your profession have aiulributed 
more perhaps than those of any other to the material progress of 
the world; and we, in India, this land of great distances, of large 
tracts of countr}’ over which the rainfall is uncertain, of mighty 
rivers, of extensive plains, and of high moniilain chains, have spe- 
cial reasons to be gi*ateful to the iiuMubers of the engineering pro- 
fession. A hundred years ago 4r journey from ('alcutta to Didhi 
occupied several dreary weeks, to day it can he aceomidished in a 
few hours by an aeroplam*. A biimlred years ago it took months 
to coramnnicate with and reeeive a rejdy from the eoiiiitries of the 
west, to-day thanks to the itiirrvellous development in wireless 
telephones, a person in (-alciitta can converse with his correspon- 
dent in London thousands of miles away. A eentary ago many 
parts of India were liable to famine, to day the danger of famine 
has largely disaipiK*ared owing to niiiiierons irrigation works. Less 
than r»P years ago eleHrieal engineering was in its inrancy, today 
electricity is put to a thousand and one uses in the service of 
mankind. That, gentlenien, is a magnilittent rec'ord for any pro- 
fession. 

But, gentlemen, there is still great seope for engineering 
ability and particularly so in India wliich from an engineering 
point of view is still largely undeveloped. We require engineers 
skilled in reinforeed eonmde for oiir btiildings and bri<lges; 
highly qualified ele<'triejrl engineer.s for Hk* nuim*rous eleetric sup 
ply organizations that are springing up; e.\pert road engineers, 
for the next decade will certainly see a large extension in our 
system of roads; fully qualified engineers for the develofunent of 
our industries; cngincere for our railways, the best qualified 
engineers to tackle the many prohleihs i)rcsented by our rivers, 
particularly by the extensive river system of Ibis province; in 
short, we require expert engineen? in every departmcuit of our 
national life. 

We not only require engineers Init we require the best 
engineers and that leads me on to your Institution for the ma-fn 
objects of that Institution are — 

(i) first to promote and afdvance engineering in all its 
branches in India. 

(ii) secondly to maintain a fitandanl of efficiency and 
professional conduct among engineers in this country. 
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We want the best and the part which an institution of recog- 
nised authority like youi*s, inciiidiiit' as it does among its members 
the heads of the various branches of the profession, ph>v« secur- 
ing the best cannot be exaggerated. 

Although your Institution has only been in existence for about 
15 years, it has already establi.shed itself as the a<‘kno\vledged 
authority in engiiurring iiiattei-s in this country and the guardian 
of sound engiiMMU'ing traditions. Your meiiilMU'ship, now over 1,-00. 
is a sure sign of an esta'blished position. You have been sucn^ss^ul 
in improving the. standard of instruction in many engineering col 
leg(\s and scluMds a*iid above all yf»u have beiMi able to maintain a 
high stamianl for admissifui to your Institution. I <‘<»ngratulato 
you on the success which has attended your elforts in the cause of 
engin(‘(‘ring in this country and feel sure that your rnstitutiou 
will continue to exert a powerful inniieiice in assisting India along 
the path (d* sound economic development. 

Your Excellency and (leiitleiiieii, 1 will now ask you to join 
with im; in drinking t<» the prosperity of the Institution of 
Engineers. 

('ol. E. i). MVmjde, in reply, saitl : — 

Your lOxcellemy, .Mr. President and (i(‘nllemeu : For a long 
while it was the (‘Ustom that this toa'st c»f the InstitiitiiUi so ably 
proposed by Sir fl<»hn NN'oodhead should be repliiMl to by the sejiior 
Past President presmit. So niucli was it tin* custom that on at 
least four occasions tla« |MU‘son on whom tin* honour lurs fallen has 
expressed regrets tinrt (he p<*rson who shoiibl havi* done it was 
unavoidably absent. This bcdiig .so it took im* by surprise when I 
received a letter informing me (hat the Uoiincil irather rashly in 
my o|dnioii) had stdeeted me for the honour. I tliink they were 
rash fi»r as far as I a'ln awar<* none of tlnuu have ever heard me at 
tempt to make an after dinner speech. Hut accefttiiig the recpiest 
of the (N>uii<'il as in the nature (»f a command, it appt^ared ad 
visable to look u|» what ainl h(»w much had been said by those re 
plying to this (oast at |»revious dinners. Those who are posses.sed 
by the microbe which goails men to inflict their opinions on others.' 
are obliged by editors ami printers to count the number of words 
ill which those opinions aVe expressed. It was thend’ore natural 
to estimate the number of words used by previous responders to 
this toast. This di<l not prove i\> great dea-l of ladfi for they have 
varied between 7(H) and g.tMH). None has so far achieved the iirevity 
of the man who at :i writius' dinner had to reply to the toast of 
literature and said ‘'This is #sud subject. Llomer is dead, Virgil 
is dead, ts^hurkespeure is dead, Milton is dead, and I am not well’' 
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and sat doii’n. 1 too shall iH»t equal that hut 1 ho[»e to he inside 
2,0(KK 

At least two of ia,y predecessors have said that they wen* engi- 
neers and would rather hnild a hri<lge than nialo^ a speei'h. There 
are woi'se things than huildiiig a bridge, even if an <‘artln|iiako 
does e<une to twist it into all manner of sha|M^s, and leave tlie 
huilder open to the remark nnnle to me hy II. K. The Viec^roy 
after he Innl been over some of the damagiMl bridges “You eertainly 
built some very odd bridges."’ Hut genthMiieii there are worse 
things ihaii making a s|M^eeh. thie is, to try after iKMiig lifteen 
years out of pra<‘lire at it, to write a note lliat will iinluee ar 
(lovernmenl Seereiiiriiit to spend money. In dm'ng that the only 
sjife thing is to remember the advia-e given by a (Mt.E. to his 
(isirri.sr»n EngimM*r in Fort William in l!M)ti, “If \ou want to get ai 
project sanctioned, you must remember that the higlu^r amt hori ties, 
even though they inaiy halve called for tliart project, tind tjieir minds 
ii com))1ete blank aibout it when it conies up, aind must Ir told its 
whole history aiiid aill aibout it agaiiii. Above all remember that tint 
senior ollicm* who will give the linal order on it, has entered his 
.scn-ond childhood, aiiid hais only the intelligence of a child of two.” 

It has been suggested to me tliait you may like to hear soim 
thing of what has been done by engineers in connection with the 
eartli(|uake. First aind formiiost we must otfer our tributi* of ]>raiise 
to the way in which the H.N.W.U. engineers reopeiiefl their lines 
and the District Hoaird hhigineers with |Ih» Indp of the P.W.D. and 
scone Royal Engineers cqKMiecI their roaids to traitlie. Thc*orv anid 
rcMltape were both left to taike <*aire of tlnun'^.dves. The pidiey wais 
to ofien up by ainy meaiiis however o«ld tilings lookc^cl. laieh man 
did the best he c-ould on the spot aind did it sin i essfiilly. It is true' 
some risks were tarken. In more than one* scrc*w|uh‘ road bridge a 
(die had sunk three, or four fee*! making a drop in Mie briclgc* Avith 
a slope of I in 7 or 1 in S and the tliree* or four longitudinal girders 
were each held in jdaiee by two o S bolts art each encl. As long ais 
tin* bolts were* not antuailly c*raekcMl, buses wcm'c* aillowcMl ovcu* the* 
bridges for two or three months. And the risks wcu'c* just i tied 
for no accident, occurred. And before the rains almost aill the rail 
wa.v was reopened over rebuilt bridges arnd ail! tin* most imfiortaint 
roads Avere made; fiassaible either by rebridgiiig pcManaiiiently or 
temporaidly, or by providing ferry boats capable of taking inotoi’ 
(^sirs. 

The total nuinber of railway bridges dainiaged or destroyed ami 
rebuilt was over JIOO, and the tottW number of roml bridges 
damaged or destroyed must have been about 1,0<W). We do not yet 
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know what is the real total 'which will have to be replaced because 
earrth luovemcntK have gone on sicice the earthquake and ai*e still 
going on. Many lauKoriry bridges which appeared in February to 
be safe have failed since. One big one fell down without warning 
in May, and several had to be taken down. At least ten 
more njiist Ife taken down now', and over 30 more are being 
waUJied with suspicion. Iluildings too wdiicJi appeared capable 
of repair bel’ore llie, rains have had to be condemned since. Mean- 
while the earthquake Juis enriched the language in some respects. 
The plural of debris is <lcbrises and of iissures lissiiries, and any- 
thing that hai»peiicd before It is i»re-qiiack. And some material 
good has come of it loo in that the people wdio were crow'ded at 44 
families per acr<^ on M acres in the ('howk at Moiighyr will be 
spread out over It a<TOs, and the most conj^ested part of 
Darbhanga, owing to the Maharaja's iiiniiiiiceut gift of o lakhs 
W'tll be replaiirnsl on much more spacious lines. 

Turning now from outside topics to the Institution and its 
atfairs, llie year jusi past is a red lelter year because for tlie first 
time tiie Institution lias cleared olf its overilraft at the Hank. 
This is due not only numbers having gone up to about 1,250 (it 
is not so very long sinc(5 we were w'onderiug how soon we should 
pass the 1,000) but also to (lie fact that members have been paying 
(heir subscriptions better, iboiigh still not as w'ell as w'e could 
wish. The standard of qualltieation is still being strictly and 
jealously maintained. 

Interest in tlie Institution abroad is showm in letters received 
and also aj»pIi<*atioiis for membership occasionally received from 
peiqde in foreign countries. 

The number of technical papers submitted by members is still 
low'er tliaii wi* iniglit w'ish. This mivy be due to the depression and 
the comparatively small luimher of new ^vorks being executed. 
Rut every engineer must be encountering difliculties and an ac- 
count of methods by whiidi tiny were overcome w'oiild be of great 
value to others. It is to be hojied that the wTiting microbe w^hich 
I nienlioned ]u*evionsly may attack more members and inspire 
them to put their experieiuTS at the scrvicxj of their fellows. I am 
not preaehing wiiat 1 do. not practice for up to no>v I hare I believe 
inflicted on the Institution more technical papers than any other 
inemljer. rapei*s need not be long. A short account of an un- 
usual diflSculty ingeniously overcame or of a temporary failure 
turned to success is likely to be most acceptable. 

lu conclusion I tender the thanks of the Institution to Sir 
John Woodkead for the pleaSant things he has said about it and 
to all for the way in which they responded to the toast. 



OPEN-END TYPE TUBE WELLS 

BY 

H. G. TRIVEDL Associate Member. 


It is ;i w«'ll known (m i llial the yiehl I'rojii ordinary wells is 
exireiiiely limited, the n ason heiiij; that water only ]»en*olates 
vertieally through the ll(»or so that there is a limit to whieh depres 
shm head ean he allowtMl to op«‘rate on the well, as this lloor 
^<*nerally (‘onsists ol* line sand in these IToviuees. It is also well 
known that if a w(dl rests on ''imna'* or a thiek hed of elay ainl 
that if this hetl is pierced thrcMi^h and the water hearing strata 
helow tap]MHL eonsidm'ahly ^r(*at<*r quantities of water ean h<» 
ohtainiMl. This iiiereascnl yiidd is dm* to a sort of eavity formed 
under the elay hed, whieli Ihen arts as a roof over the eavity, 

Snell wells may he found dispersed all over the Provinee, hnt 
no seientitie invest J^atiA|^s<*(Uiis to have Immui <*arried out to tlnd out 
tin* nature* of the ea\ iiy fornn*d. Actually wlmt happe^ns in ''»n*h 
wells is that, when tin* elay hecii is piereed and water is pumpi*c|, a 
piod deal of sand rushes >\ith the wati*r into the well in tln^ tirst 
instaiKM*. This sand has to he nuiioved and more* sand drawn in 
until the requiiM*d cpianiity of clear wali*r is obtained. 15y a 
repetition of this proeess on a 1ar}>;e scale it is possible to obtain as 
•Treat a cpiantity of water as desired, depeinlnij^ of course on certain 
conditions. 

It was witli a view to ascertain tlH*se conditions and other 
limila'tions eonscMpient on this particular ty|M* of wcdl that two 4*\ 
perinients were* carricMl out. one at riia^i and the otlnu* at Hat liras. 
The strata at both these piaevs wjis very poor from the point, of 
of ordinary strainer tube w(dls and it was indeed fortunate that, 
these experiments provc'd to be successful, for they laid the foiinda 
lions of the water works at both these )i1aces, onir of which viz. the 
I’liao Water Works has been fum-tionin^r siiccessfiilly since IttliT, 
while Ifathras has got a battery of live tube wells nuidy for the. 
inauguration of its water siqiply in the very near future. 

Writer was concerned with both the experiments and gives 
below a brief description of the oliservations made and conclusions 
arrived at for what tht^y are worth : — 
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1. Unao Water 7" tube Avell with HtrainerM bad 

ulmiily been fu>nHtructHi for Unao hr long ago as 19J5 but as the 
Municipal Board could not find money to inaugurate their water 
works at the time, it was lying unused for many years with the 
result that when the Board iigain^ioved for its water supply in the 
year 192."), this well, wlien tested, hardly gave 90 gallons i>er 
iniinit<\ The strata at this jilace consisted of very fine sand and 
as the strainer well installed in this strata had deteriorated so 
much at this x»lace and as trouble had already been experienced 
in similar wells af other places, it was decided to carry out an 
experiirnuit to lind a suitable type of well for such localities. This 
place was s])ecially suited for such an experiment due to the fact 
that a very thick bed of clay was available to act as a roof for the 
cavity, so necessary to obtain water in any large quantities. 

A site for the experimental well was selected close to the 
existing 7” tube well and sinking operations were started in the 
lieginning of November 192.^). A 12’ casing was sunk to 179 feet 
below ground level. The strata encountered as may be seen from 
tlie chart attached (Plate 11 consisted practically of one thick 
IkmI of stitr <*lay overlaying 35 feet of water l>earing strata. 

Further referenee to JMate 1 will show that the clay bed 
extends to M3 fi-^d. from ground level, behw which there is a 7 feet 
bed of sandy cday with iiieces of bajri and kankar, then comes 
about .3i feet of very tine sand and finally 24J feet of fairly 
medium sand. This com])b''tes the water bearing strata, none of 
which is good enough for the ordinary commercial typo strainers. 

The bore was completed early in .Taiiuary 1926, when arrange- 
ments were made to blow out the sand by means of compressed ay*. 

The lirst object was to lind out the best iMisition, at which to 
ki’^‘P the lower end of the casing. As the strata between 153' 6* 
and 17S' consisted of much lK»tter sand, an endeavour was made to 
use this as the st)urce of supply by kee])ing the end of the pipe in 
this strata. But the result of a few days" ])uinping and dredging 
out sand showed that such a course wasnotfesisible, as the .smallest 
amount of water puiypiHl out w'ould bring in a rush of sand to 
plug the pipes, which necessitated the removal of eduction and 
air pipes and dredging out sand to clear out the plug; even a 
frequent repetition of this process wjis of no avail. The casing 
was, therefim», gradually drawm up and kept in the very fine sand 
strata and then in the middle of the sandy clay strata with practi 
cally tlie same results. Duriqg these processes about 279 cubic 
feet of sand had been pumped out. Finally the end of the 12' 
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cabins pipe was drawn up into the c lnv and kt*pt at approxiiiiatoly 
143 feet. The progi'ess made with this position of tlie easing pipe 
was marked aind rapid. 

Ey using first sinaliei* siKe ednetioii and air i»ipes a gofid deal 
of sand was blown out and a elear ilisrliarge of lOO^galloiis per 
minute with a depression heatl of only 13 to M feel was i^stablisli- 
ed. Finally a O'' and 2’ eduetion and air pipe st»t was lowered 
in the w^ell and by means of it a eonsiderable fpiantity of sand 
was blown out with the resnil that diseharge gradually in- 
ereased to 230 gallons iku* iiiiniile under a det»ressi<»n liead of not: 
more than 23 f<*et. The water obtained liimlly was so elear that 
not even a grain of sand was to be t rateable in it, wliitdi is re- 
markable when it is eonsitleretl lli.it this ipiaiility of water was 
being given up by a tine santly elay slrala. 

Very ctireful records wt^re kt‘pl of Hie ainonnl of sand pumped 
out and fretpieiit observations were made lo liint out the de|>tli of 
the cavity. This deplli was. however, exln*iiie|y small, in fact it 
never was more than 2 or :» inches. Therefore considering the 
1,070 cubic feet of sand pum|HMi out it is evident lliat Ihis cavity 
must have extended over a very large an»a under llu‘ elay bed. If 
an average depth of 2 im lies is taken for this entity it wonbJ seem 
that an arOii having a <liameter of appr<»xima(erv’ 200 feet must 
have been affecte*!. All this is, however, guess work, as the 
actual condition nnderneatli eaiinot be known by a single <»xperi- 
iiicnt like this. Even if a inniiber of borings are made in the 
supposcMl affected area and careful mi*asureineiits taken of the 
depth of cavity at these ]>oiiits it is hardiv i.» be ex|K*cted that this 
area will be found to be a eircle with the tube well as its centre. 
Stfch information, liows*>ever important from a theoretical point, 
of view, is fortunately m»t essential for praetical piirimses. 

There is another ]»oiiil of view, whieh strikes the writer and 
it is this, that the tine sand or sandy <*biy, when it, is iinder 
pressure, does not release its watiir so easily as when some of 
its pressure is released, as for instance in this I’ase, by blowing out 
a quantity of sand, thus making it possible to yield a large 
quantity of water withotit diffieulty. Immense work in this 
direction awaits research, but it requires a good deal of time 
and money, none of which is easily available with Government 
specially in these days of depression. 


It is possible to give a mathematical explanation of this small 
depth of cavity if it is assumed that the flow under ground is 
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horizon til I rsprcinlly whrn a LMimpara lively small area is con- 
sidered. 



For, let *a h’ he file lower siirfaee of I lie c lay bed to wliieli the 
end ‘e. d' of the )ii|a» of dianiefer '])* exfcMids. |jc*f ‘e f’ he the 
surface of flic* cavity just below c* d. Now if an imaginary cylinder 
c' d' d/ just liclow the iiioiith of flic^ pipe is ccnisidered, if may 
lie* assumed that Hie velocity nc'ar N* d* and just below it is the* 
same. LcU fliis vcdocity Iw Now if ‘IT be the depth of the 

cavity, we have* tin* aiiiouiit of wafer fMiterin}^ the pipe at V d’ 
(*(jual to fhc> amount of watiu* mitering the latcu'al surface of the 
cylindm* *e c*' d' d/ neelectiiij; the small aiiioiinf of water eiiteriiif; 
file* boffcmi ‘c*/ d'.^ 

Thus TT 1»'vVxII. 

4 

From wliirh II i2 

4 

Til the case under cMinsideraiioii *!>’ was IL* inches. Therefore 
the de|dh of cavity works <iut io be only inc hes wliicIi is fully 
borne out by the experiniCMital observations. 

IMate No. I ^ives the details of the strata passed throiiji]:h 
durinji: the sinkiiij^ of (he <-asiii«c, while lMa1c‘ \o. 11 shows the pc'r 
manent arranpuiieut of the tube* well, with the air-lift pump on 
the ‘outside' systcmi. 

Appemdix A ^ives details of (he p*adual development of the 
well, lu this eoiinexion it will not be out of plac*e to memtion that 
when the devcdo|»iiu*iit was iic*arly c*ompletc‘, an attempt was 
made to till the eavity from wdiirli one tliousand six Inindred and 
severity cubie feet of saucT had Ihmmi blown out w ith brick ballast 
to 1" size, but most of tins ballast w’as broujjbt up by the air 
in tlie process of pumpinp: and whatever remained choked the cavity 
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ratlior than roll out, as was liopuiL to tho sides to act as support 
for the roof of the cavity. 

Tlic wtdl was fully developed by the lirst week c»f Man-h 192tl, 
wh«u it was subjected to a three days’ continuous day and idjjht 
test from .March S to Mandi II, witli the ftdlowinp; results 


Depression in 
feet. 


Diseharjre in jtallous 
per minute. 

KM 


19 

21 


2(K» 

221 


JMate 111 sliows these results graphically. 

WatiT obtained was practically free from sand and it was also 
provtHl, chemically ami bacteriolo^i(‘aliy, lit lor doinesiic use. The 
rep(»rt of the (boermiieut Analyst, .Vj;ra, to whom the sarnitles were 
sent for analysis is eiveii as apfamdix l». 

The total cost of t his ex|>erimeut , which resnlii'd in a complete 
and a successful .tid)e well did not (‘NcerMt Hs. oJiUO against (lie 
estimate of Es. (ijMti 

Hathras Watry - Tla*re beiiie; a ^oeat seareity of 

water and most of the wells in Hat liras bein^ brackish, tin* <pies- 
ti<»ii of a potable water supply to tliis ini)M)r(anl industrial town 
had been under consideration for a very lon^ time. As far l;a(*k sis 
1!)1."» a trial bore, details of which are *^i\e»i on IMate No. IV, was 
sunk to aili feel below’ ground level. Hut a - any jiood or sw'cet 
waler heariii;^ strata could not la* found, it siauns that the w'ater 
supply pro|iosals W'en? kept in abeyance till in l!t2(i, just after the 
snci'issful completion of the Tnao Tube AVidl, this (luestioii was 
taken up in ri;rht earnest aeain. ' 

A site w'as selected aw’ay from habitations and whore the 
few' shallow’ wells that I'xisted yii'bled sweet water and the work on 
borinjr operations was commenced about the end r)rjnly 1929. As 
how'eviT every ]>ossibiliiy was to be explored to find a suitable and 
sufyicient depth of w'ater bearing strata, the bore was carried down 
to 429 f(*et below' jrround b»vel by the end of February 1927, thou*^li 
in the estiimate there W'as a firovision for only 29t> feet. 

This K(‘arch for a siilTicient depth of water bearing sti-ata was 
necessary due to the fact that the puK* cavity type well laboured 
under tw'o very i^rave defi’cts, which w'ill be inentioiiod later on 
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ami it wjiH conKi^leird atlvisabla to complete this well with a type 
of brass strainers, wliieli from their very construction might be 
(tonsideiMMl to liavo a longer life than the ordinary copper mesh or 
wins wound strainers in general use in iiiese Provinces. Luck, 
however, did not favour this search and once again experiments 
with cavity wells wen* started. 

if a n fereiice is made to IMat<^ Xo. V, wherein is shown the 
dilferent strata passtMi through in this boring, it will be seen that 
any of lln‘ strata betwe en :MS' & ; :\W & & 273' & 

287' eoiihl with advantage be utilised for the supply, but the most 
suitable oiu* was ajipanaitly llie last one c,g. 273' to 287' as it had 
over 1711 feM t fliiek roof of v<*ry stiff clay above it. 

The devehipiiKait of the well was a very prolonged oiM?ratiou in 
this instain*e. First the strata Nos. 3 IS' to 3r>ir & 310' to 328' 
were tried and it look from about the beginning iff April 1027 to 
about the beginning of July 27, to obtain fairly satisfactory re* 
suits in that ti discharge of about 200 gallons under a depression 
head of .10 f«*et was established. During these o[>erations over 
1,500 eft. of sami was blown out. Deeasioiiat nieasnreineiiis of the 
depth of eavily were also recorded and it was never found to be 
more than a f<*w inches. 

As the depr4‘ssiou of 10 feel was considered extremely high, 
the 15" leasing pipe was drawn n[> further to the strata 273' to 287' 
and after a 5‘W experiiiKMils hy keeping its end at different posi- 
tions, it was linally lixeil at273»'. 

Tin* dev« lopineiit. of this strata took in*arly two months i.e. 
from 25 7 27 to 22 0 27. This strata too did not produee any 
belter results than the others for it also yielded about 200 gallons 
per minute with a depression head of 40 ieet or a little over 100 
gallons with a <lepression head <d’ 21 feet. Plate No. VI depicts 
the diseharge, obtained, graphically. Amount of sand blown out 
from this strata was 710 (*ft. 

in Appi'inlix F is set out in detail tlie waiy in which develop- 
ment took plaee in the last strata, while Appendix I) shows the 

uiiulvsis of the water sis earried out hv the aiiaivst. It is evident 

• • • 

that the slrsita is extremely poor in its water bearing quality and 
it was decideil to limit the depression head to about 20 feet and 
discharge to 100 gsilloiis per iniiiute in the linal and ju^rmanent 
arrangement for the pumping plant. 

Incidentally Ibis experiment proves the great superiority of the 
iiir lift over any other ty^ie. of pumping plant for tube wells in that 
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there is no lilhR to the (lepresKi<»ii heml that eaii be put on a well 
provided the well is deep enough for adeijuate submergence of the 
uir pipe and that no daimage can occur due to the intlow of saiul 
as MO w^'orkiiig parts of the inacliinery come in <-oii1:u t with it. 

Concltisions. — These exiieriiiient s have conclusively proved 
that with this type of well, provided circumstances arc favourable, 
even tlie poorest strata, in wIij<*1i nobody would even think of put- 
ting in the ordinary conimen^ial type strainers, can be. made t4» 
yiidd a large «jiiantity t>f water with ease. There are, however, 
two very great drawbacks in the juire cavity Ivjm* of well, which 
tend to limit its utility and uiiiversiil application. 

One drawback is that there must be a> very thick bed of stilf 
clay over the water bearing strata to ensure the stability ot tlie 
cavity, otherwise there is a great danger tin* np|>4U* strata, sliding 
down, which may eventually cause cracks in tlie buildings of tin* 
^ neigh honrhood and result in coiiscipicnt suits for tlic recovery of 
damages. 

The other great 4lrawba<‘k is the fad that, in these Provinces 
as a rule, just below the slilT day bed, is found only very line sainl 
j>r sandy elay followed by iiiediuiii or eoarse sand much lower down, 
wliicb latter, as lias been tMinchisively provcMl by these experiinents 
«aiiiiiot be fully utilised in the pure eavity typ«‘ well and so ndiion'e 
has to be j)la<*ed on the strata just below the clay bed, which U\ its 
very nature is extremely sluggish in yielding its water. 

Further developiiuMil lias, liowever, taken plaee since, and both 
lln*se diflieiilties have now Immmi eonipleleiy siirnionnte<1 by ti new 
type of tube well wliicli the writer hopt - to deserilie on sfiine 
future occasion. 
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APPENDIX “A.*’ 



Size of 

Oischarxe ] 

1 

Depression 

Amount of 
sand pum- 
ped out. 

c.ft. ! 


Date. 

eduction & 
air pipes. 

};allotis per 
- minute. 

head in ! 
feet. 1 

i 

REMARKS. 

7-1-26 ! 



i 

j 

30 

Sand plug 

22-1-26 i ; 


15 to 20 

1 


: removed. 

to 1 

2' and F 

7 to 8 ; 

15 


24- 1-26 1 

25- 1-26 

3}" & 11' 


i 

“1 

30 

Discharge not 
; continuous. 

30-1-26 

2” and i " \ 


11 

31 

i 

1 

1-2-26 1 

0(1. 

Oo i 

15 to 20 

9 

60 

Depression 

2-2-26 ! 

* 

{ 

9 ! 

1 

1 head 9*5 ft. 

! Water clear 


3-2-26^1 



j 


1 in the end. 

jj- (a F 

40 

24 ! 

112 

Wafer clear 

4*2-26 1 



1 


in the end. 

9-2-26 

31' & 11’ 

85 

14 ! 

173 

Casing pipe 


j 

1 


raised into 
clay. 

i 

10-2-26 

Do. 

100 

14 

40 


1 1-2 26 

1)0 

1 100 

14 

16 

Water clear. 

12 2 26 

1)0. 

' 100 1 

»i 

20 


14-2-26 

6"6f2'' ' 

i i 


504 


lS-2-26 

1)0. 

1 180 ; 

22 ! 

193 


16 2-26 

Do. 

» s 

23 i 

78 


20-2-26 

Oo. 

! 

21 i 

1 

40 

1 

i 

21-2-26 

Oo. 

1 

22 1 

i 50 


22-2-26 

Oo. 

to 

21 

24 

20 

i 

1 

23-2-26 

Oo 


60 

! 

24-2-26 

Oo. 


23 

1 

40 

j 

25-2-26 

Oo. 


22 

36 

i 

26-2-26 

Oo 


25 

i 4 

1 

1 

3-3 26 

Oo. 


21 

23 

i 

4- 3-26 

5- 3-26 

Oo. 

2^Q 

21 ! 

36 

! 

Oo 


21 

22 

j 

6-3-26 

Oo. 


21 

12 

1 

8-3 26 





! 

1 

to 

Do. 


21 

24 

; Test pump- 

11-3-26 

/ 

1 

: ‘ i 

! 


' ing carried 
! out day and 
; night conti- 
j nuously for 
three days. 


AW<.— Total amount of sand pumped «ut-l,670 cubic feet. 
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CHEMICAL ANALYSIS. 


No. of 
samples. 

. .,,, Total solid Cliiorine pans Ffecammonia 

partsper per 

10I),W, l«(l,il, ''™2[ 11. 

Albuminoid 

ammonia 

partsper ‘ ® ' 
1110,1 

1 

Sample taken 

after :ib (al US .. Ml 

Nil Nil 


pumpinp. 


) 

* 

Sample taken 

after .'days Ml 111 ■■ Nil 

Ml Nil 


pumpinp. ' 



BACTERlOl/'CiCAL ANALYSIS. 



B, COLi Tot, 

Remarks. 

ikmm 

In.^CC InlOC.C. ln.>C,C. Inll'.C, 

1 


l7-.V2(i 

Not detected Not detected Not detected .Not detected 

Fit for potable purposes 


Dit D" Do. Do, 

Do. 


M 

fV 


id 

Id 

M 


y 

A. 

y 

A 

I 




.VV C-lSl-U, 
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Date. 

25-7-27 

to 

30-7-27 , 


4-H-32 

to 

7-8-32 


12-8-32^ 

to 

17-9-32 . 


21- 9-32 \ 
to 

22- 9-32 J 


Water bearing Strata utilized 273 feet to 287 feet. 


Size of 
eduction 
and 

; Discharge ' 
> gallons 
per 

Depression 
head in 
feet. 

, Amount of 
sand 

^pumped out 

Remarks. 

air pipes. 

minute. 

c. ft. 


24* 

40 

1 

j 

! 
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y 

I 1 

to 

1 1 

1 1510 14 

160 

80% sand in the 
beginning hut 

p 

! 

1 

1 : 

i 

1 

1 

i 

i 

1 

water clear in 
the end. 

4- 

1 

j ' 

1 69j ; 


r 

a 

1 

6r 

1 

to 

29 to 24 

' 1 

1 220 

1 

50% sand in 
the beginning. 

IP 

118' 


1 

1 

gradually re- 
ducing to 2 or 

1 

1 

1 

1 


{ 

.1 HI • 

5" ' 

18U\ 


' 1 
1 


& 

to 

44 to 42 

320 

Only traces of 
sand in the 

IP ‘ 

j 

2U4 


i 

end. 

i 

1 

4- 

109| 

i 

i 

• 

» 

tOj ! 

21 to 25 

1 

I lU 

1 

Continuous 

test. 

IP 

125' 

1 

1 

1 ; 

1 1 



A^o/e— Total amount of sand pumped out 710 c. ft. 
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T*i n/'ki-..'. *. Total Fid . AlburaiDoid ’ 
aawples, ; bottle. ■ M lootji l«rt!|«f ' 

mo,™ iwi JJ||5„ piion IDW inD^imD 


Hathraatube 122 20.li 

well. 


Tracea. 0.01 , Nil. 


2 Hathraatube 141 200 


Nil. ’ ' Nil. 
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; B. Coil Test. ; remakes. 

Inoculated ■ Colouycouiit i 

on. j inlCC. ' 1 


! MIX 

1 

1 

InlflC.C. 

In see, 

InlCC, ; 
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W.0,2J. Not 

Not 

Not 

Not 

detected 

detected. 

detected. 

GOOD, 

I0.S.22. Nil. 

Nil. 

Nil. 

Nil, 
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UNAO £.Xf>EPfM£NTAL TUBE WELL 
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S£C7VOA/ Oo/V£ 

j^T AMTAMAS 






g. 


'9 


ea-0 ■ 
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SOfH/- 

9rC/^. 

we 

^at/rAco^ S^^g/ at C/p^» 
8< Sant/a 

C/ 5 sy Sr AfarrAc^^* 


S^rt^, C/c^ St Aee^ffAtm 


C/o'^ Sf 

•S*5^^<s^ Sr ^/cs^. 


St ^/c^- 


S^rrs/ Sf 

C/sry. 

CAs^ Sr Ae^rrAs^e^- 

SsfgrsA Sr C/tcs^. 

** Sr SrgfS^i. 

*» ** AK^er/ie^^. 

C/w * 

Seein/. 

*• « CAmjf $t S^ri- 
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/%»/* //•» IT 

HATHRAS WATER SUPPLY 

TUBE WELL, yyg / 




Z. - 2 

SA/^O W/TM 

SAAf^. 

A//yA^ SAUA/. 
SAAf^^ CEAI^ iV/r#V 
MEO/UfA hA/v^. 


r.Z A y i^/T^ ^AuA/ St AA/^^A^, 
SAA/£t CEAy kA/y*^ SA^A^. 
AfA£>^UM SAAO A AAr^^AA- 
ME£>tUM £,AAt£/‘ 

*9 99 > AAAAAA. 

SAAOr CEAY A/TA OA^A/ A’ MAAHAA. 


CEAy iv/7>y SAUAY Br AAAAAA^ 

SATYOr acAy yy/rA aaaaaa. 

AAA€> 99 99 S 9 

^AYY^y 99 99 BAUA/. 

CAAY YY/TH AAAAAA. 


velloay ceay yy/TA aaayaaa» 


/YAAO €4, AY ¥YfTM AAfYAAR* 

y£AY AYAAO CX.AY YY/TA AA/YAAA* 
*9 99 MAYYAAA YYYTH clay, 

yyaao clay *v/y>y ma/yaaa, 

C./r. Br SA*y^4 OA 3AAL9Y CLAY, 

CL A Y 3r BA,JA/ YYLTA AAAYAAA, 

CL Ay A/Y4> 3A,JA/- 

CLAY W/TAf BA^A/ AA/YA’AA. 
BALYO Y CLAY yyfTSY SrCYYBA^A/. 
VC Ay A/AC SAAO. 

AAA A CLAY St maaHAA, 

3 AAL?Y 99 99 99 

AAAO 99 99 99 

SAAO WfTH YEW a AUAi 8 f AA/yAAA, 
99 S 9 SrOA/C. 

CLAY VY/TA /fA/YHAA, 

SAAAY CLAY Be AAA AAA, 

SA/Y^ 6r AAAAAA, 

CLAY Br *9 

VCAY HAAO CLAY 3 r AAAAAR, 
SAAOY CLAY 8 r AAAAAA- 

AAABCLAr A AAAAAA. 

SOY 7 CLAYp/TAAAAA OA SAAOYCLAY* 

AAAB C^AY A MAAAAA, 
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HATHRAS TUBE WELL A/9/ 

D/5C/^A/fO£ CURV£ 




DISCUSSION ON 
OPEN-END TYPE TUBE WELLS. 


Mr. H. I', 
''iirti. 


Mr. 1*. SritTi ii3markKl tliat. in uoiiuoxioii with FJalkras 
WaUn* Supply thu author atatoi] that the site aclectcii for the wells 
was away from liahitations. In this connexion he liked to 
know whether there was any river nearby as well-sinking near 
a river wa's ex[»e(‘te(l to give good it*Kults so far as tluef quality of 
water was eonreriuMl, which fact could Im understood from the fol- 
lowing ligurc: 


VILLAGE. 



B PARTtY SAUNE. 
C SALINE WATER. 

It had been always found tlurt wdiile sinking wells and putting 
down borings stationary ground water oieurrcd almost every- 
where below the surface at varying depths depending upon the 
situation of water bearing strata, tiroiind water level generally 
appeared to be nearer the surface under a river bed than elsewhere 
in ai gi^ell area. The percolation through this source took plaee 
for the whole period of monsoon with the result that ground water 
attained almost the same level an that of the river and so mnrii 
so that oven after the river bed had practically dried up the see- 
page of water continued for a very long time. The constant 
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washing nctinii of the subsoil luider tlie river prnetica'llv removed Mr. B. P 
all saline matter from immediately beneath the beil, lienee ®“*^^** 
the best jdaee to sink a well should be near a ri\er iwul 
not too far away speelally in disiriets where the alluvial deposits 
were impregnated with saline water giving biuH^kish taste. The 
rhenn<*al analysis of water from JIalliras Tube Well showed a very 
high peiTcntagfi of chlorides. It. \vas pirsnined that tliose results 
were of a sample of water drawn at 27:1 ft. <leplh. It w«nild be in* 
teresting if the author eoukl give the results of water samples 
lAkeii at different levels. 


Mr. 15. SAian r remarked (hat Mr. Trivedi’s pap(‘r was very 
interesting indeed. The only objeetioii was llie «‘oKi inv<dved in 
developing t^peii end type Tul»e W(‘Ils. On rererenee to page ;57 
it would be found that the well eosl Its. o.btlb . The strainer 
type Tulie AVells were vc*ry mneli clieapi'i*, but t he ilillb iihy was 
that there was no siraiiiei in (h<‘ innilot that \\«nild kee]> 
tine saml out. The usual nietal t\p<fr strainer had slits (u* lades, 
wliieli, however tine (lay might lie, would pass a eerlala amount of 
tiia^ sand, and it was dia* to this reason iliat deep bmings laid (o 
be iipide, ill order to timi the sand that would bc^ eoa'rse enough for 
the strainer to keep out. Tliis dinieiilly hail beiai eoni|»l<*tely 
overcome by \t new lyjie of Eerro Eibrons Strainer, wliieli la* had 
invented. In that strainer he used coir libre rope or mat. as the 
straining inediuin. From a sample it wonbl be seen that light did 
not pass through the strainer, conseipjenlly it was obvious that )io 
sand could possibly go tliroiigli it. .\t tirst. sight it might appear 
that the strainer would not he siillicienily porous to pass water 
tlirongli. He had carried out tests wilo a. view to ileteruiiiie 
porosity of tin? strainer and could safely say Unit Ids strainer was 
very much. more porous (Imn the usual metal strainer. From a 
piece I ft. long having an internal diameter of 2" connected to 
the snclion side of a Cenlrifugal pump driven l»y a 2 in. Ilernard 
Engine and pniriping water from a tank, he obtaineil a discharge of 
HKl gallons per minute. <hi another test, he I'onid obtain from a> 
strainer 2 ft. diaimuer w ith a total straining surface of K sn. ft. a 
diseharge of 2(10 gallons per iiiiiiiite with a depression of one inch 
only while pumping from a tank. Water in his .strainer did not 
|)as.v betw’een the two adjacent <oir ropes. It passed Ihrougli (he 
ropes aetually, eoiise(|uently there was no p^issihility of the sand 
going through. He Iiad lately coiii|deteiI a Tube Well for the 
Public Health Department, Punjali, at Hoshiirrpiir, whcr6 
conditions were rather peculiar. The only stratum available 
was from 60 to 70 ft. below ground and it consisted 


Mr. B. 
Saroiip. 



Tino l\stiti;tion or KXoiNrrus (ixjiiAj. 


Mr. B. <»r vM v liiu* siirj<] uiIxhI with chiy. lie iin«lerHtoo»l that a 

3aroup. jllfljll KliaillCV aud 

(hat il ^ol eheked iiji in a verv short time. It was then decided 
lo sink il 12 ill. TiiIh^ with four au.xiliiirv inhes ejirh 4 in. diameter. 
1'he well wa*H lo be developed in iorordanri* with a praetiir 
lately iiitrodn<*ed into the Deparlmeiil, i.e., lo piiiii)) sand and 
water out by ineariH of compreKsed iiir from the i2 in. pi]>e and to 
teed jfravel thron;^li the four aiixiliarv tubes. l*ij»es were lifted 
^radiiiilly by iiiehes and the idea was that in eourse of time line 
sand striitiini wiis rejihuMMl iiy ^^r.ivel fed throii;;h iiuxiliiiry pipes. 
The |iro<*ess of developinjr look eoiisidcMiible time «iiid was some- 
whirl similar to the methofl described by Mr. Trivedi in his pajier. 
The (|U(‘sti(iii usually iisked \\;is what the life of I'oir rope would 
h(‘ in water, rnmi the ohsi'iwjrtioiis tluK he Imd iiuide, he 
w'iis of opinion that libroiis materiirl such :is coir did not rot 
so Ion;; as it renuiined in water and Wiis not exp4iserl to atiiios 
phere. Me h.ad been able io eollect authoriliitive information on 
the siihject wliich he trusted wniild lie of interest to eiijfineers. 
(lenllemeii from tin* South will no doiiht rememher tliiit in 
SoutluMMi liniia. boat planks were sewn together with coir rope and 
ljisl»‘d indelinilely. (\Hr rope was used \ery wid<*ly on steamers 
and w'as found to Im* i|uite »ood in sea water. Me fell sure tlml 
iilmost every Kii^iiUMU* W'ould he able to recall some experience of 
coir rop(‘ and would certify to its lasiiii;^ iiuality. 

Mr. K. 11. Ikam reiiiiirked timt llie Wiitm* beiirin;i: stratum of 
line siiud iiiHlerl>iu^ the hard clay, from which warei* wiis lapped 
at rnao. Imd a ciivily formeil in it ef 2 to ;{ inches iii depth 
t*.\ I end iiifr several feet til was said alnuit 200 ft.) in iliameter after 
eontinuous piimpinj; of water, loailed with line sand for severirl 
days, exuitiurlly ^ivin^ elear water at the rate <»f 220 pillons p.ni. 
at 21 ft. head. It wa.s ob.served that at the coinnieneeinent, when 
)iumpiii^' was lirst started, the area of iiililt ration was only 12 in. 
(diaiueler of the IuIm*! and therefore the rate of intiltration per 
sq. ft. was so hiifh that (he sand was (mrried aloiifx with the water 
lhron.y:h (he eduetiou tube and discharji;ed. That slate of affairs 
eoiilinned till a cavity with a much hujrer IkmI area was formed 
undtu* the roof of hard (Jay, so that the rate of pcMTolatioii per 
sq. ft. was imich less than at. the coinineneemeut and the* sand 
was (Muilinued to lx* disturk'd and pumped tip by the excessive 
rate of percolation till a critical rate of percohvtioii was reached, 
i.e., when the sand was ii(» longer disturbed and the* water pumped 
out was clear. If, however,. after tlml condition had Ikhui obtained, 
the water were to be pumped at higher rate than 220 gallons p.m. 
the rale of infiltration would be more than the critical rsrte and 


Mr. K. II. 

Ii.iiii, 
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more sand would Iw* lUimiHMl out till the uroa of tlio cavity l»c(-amc Mr. a. il. 
larger aiul the critieal rate nf inliltratiou reached again. Unless 
the layer of hard clay overlying the sand was very tinu he chiuldeil 
if tia re was any risk of its failing in : hesi^les he jlonhletl whelher 
the diameter id' the eavity in that ease was as miieli as L'iMI ft. 1 1 
shonhlhe niiieli h*s.s at the rate of inllltraiion at ft. head. 

The t‘\|H*riment had no doniit shown reniarkalde resnils and 
with further exjierienee there would prohahly he a large mindier 
of such tnhe wells whiHi wimid not only he eheaper lliirn the 
strainer tidies hut proliahly more lasting. 

*Mr. E. .1. IhMinr.N said (hat he had been given io understand 
hy users of tulie wells, (hat if a Inhe wtdl of a eertiiin **'^'**' 
si/.e was Slink at a partienlar plai'e (limi, after the ini 
tiai pumping and when (he well was estahlished, there 
was a “iiat nral" rate at whieh the water eoiild he pump* 
ed from that w'idl. If (In* pumping was eoalinued at a 
late well Im-Iow this ‘*natiirar* rate the well gemnally delerioratetl ; 
whilst if pnniping was rarried on for sometiim* mneh ahovi* this 
natural rate the well was usually ruined. Su)i)iosing for example 
that the “naturar' rale for a eeitain well was 100 gallons per 
minute, th(‘n if pnniping was rontiiiiied at say a rate of 20 gallons 
]>er minute, or at siry 301) gallons per minute, in hoih rases tln^ well 
was very likely to he spoilt. II was ipiite easy to see how’ sindi a 
stall* of alfairs roiild deselop hut he would like to know how one 
rould drlenniin for a well in a parlindar plan* what (lie 
'Miatiiral" rati of piiinping should he; aMid also the 
most eroiiomiral si/e for a well in . ny piirlinilar Icm ji ily, 

.\pro)io.s of '*st rainers'’ mentioned in the dismssion he re- 
railed an inrident wlieii he was ijuite young whieh might he of in 
terest. A tnhe w'ell was sunk with a relatively expensive strainer 
at the liottom. Ir was thought tliat the yield wtrs miirli helow what 
it should have lieen. So a small eha'rge of gun red ton (he thought 
it w*as giiii rotton. hut he not sure) with a fuse attsn lH'd wtrs 
liropped to tlie hotlom of the well and duly exploded and il was 
almost cfMtain that the expensive strainer wtrs hlow'ii to pieces. 

The yield from the well Ihereafli'r was finite* sali.^fartoiy. That 
incident seemed to suggest to him that the tittirig fif expi*tisive 
and fancy designs of stnriners was unnecessary. 

Mr. S. K. Chakkavauti remarked tlnrt Mr. Trivedi slated that Mr. s. K 

. . , , , . , (Jhakravarti. 

the tirst 7 jd. Tube well at Luao for water supply seheiiie remaint;d 
nnworked from IhlT*, the yi*ar of its sinking, till lh2.“i. He 
suspected that the dormant condition of the well for ten years 



^r. fl. K. 
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jimst ljiiV(i been rospoiisible for poorer yield of tlic tube well, viz., 
nearly r»,r>00 galloim |»er hour. lUil. Mr. Trivedi did not state the 
yield of the same tube just after the sinking luid been completed. 
Mr. Trivedi evidently assnined that tlieyi<*ld to begin with was very 
rnueli iiiou? than that, observed in and his assumption was 
probably due to the result obtained from anotluT well bored iii 
ini’ti, llie yield of wbi<‘h was found to be very mueh more than 
that of tlie former one. No <letaiis for the tirst tube well had been 
given as regards its dejuli, the nature of stratum it was tiiiished 
on, the quality and length of strainer used, the method of sinking, 
etc., in eomparisoii with l)u>se of (he second one; the eomparison 
of (he results alone was not surely very «:onvineijig without the 
governing data. He had experience id le wells lying dormant 
for <»ver a year after sinking and tlie yield was not found to be 
aflected (hereby. The assumption (hat the strainers deteriorated 
under a? considerable deptli could not bi very well supported 
as it good many tube w<*lls had b<*<‘n fouml to work for a con- 
siderably longer period. As far as he could remember one tube 
W(di in (loverjiuienl House, ('alcutta. was found to be almost 
closed u|» after a few years* use, and the opinions of some experts 
were invited as to (he reason id* tlu‘ closing up of tube wells. 
Messrs. Scott & Saxby, the well known TuIk* well sinkers of ('al- 
cutta, expressi'd (Indr views in a meeting of (he Institution .some- 
time back that the closing up of t\ibe wells was due to formation 
tof some carluuiales round (he strainers and to a hard crust which 
was formed round the tube and which prevented the Ilow of water. 
The ‘coir string strainer* devi.sed by Messrs. Saroup & llansilal 
of Lahore eonelusively proved tlial the yield of a tube well 
did not depend on the formaliim of a easily round the strainer as 
advocated by Mr. Trivedi. With ordinary strainers some quantity 
of sand must come out fluring pum()ing, especially the stuff that 
had hcen di.sturbed during the sinking of the tube. The quantity of 
sand when it was fairly coarse, coming out of a tube after ix tube 
well had been sunk to the proper depth, did not always appear to 
be at all of a volume to create a cavity l»elow the tube. He would 
rather Ijolieve that the less tliis cavity was formed, the better was 
the result obtained frmii the tube. It reipiired a series of experi- 
ments in this line to coiiw to any definite conclusion. lie assumed 
timt there was a [»erinancnt level of snbsidl water at the depth 
at which a tulu* well was tiiiished and the flow of water in the 
lube was facilitateil by the sandy layers of strata, with- 
out any formation of cavity. The author of , the pai)er had, 
however, to lie congratulated on Ids systematic treatment of 
the subject which had so far been so little talked about in this 
country. 
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Mr. A. S. Knox said that Mr. Trivedi was to be congratulated nr. a. k. 
on his very interesting paper on experiments carried out on cavity *^"***- 
tyiie wells at Unao and llathras. Mr. Knox hud carried out 
experiments on siihflur lines in Bengal, Bihar and the United 
Provinces, but in no cose had these proved satisfavtory, ami it was 
necessary to compare the strata in the borings relVrred to above 
with those in the experiments carried out by liiiii. In every case 
tried by him the stratum was plain sainl. It would be noted that 
the water Is^aring strata developed at Unao contained kanhar and 
hajri. Efforts to develop the strata lower down in sand faileil. 

At llathras siniilarly ea«*li stratum developed eontaiiuMl hiijn 
or ktniknr sa\it* the nj)per one tiiid that was (‘overed with sandy 
clay and h(ijr\. It was signilicaid that In both tlu‘ wells hajri or 
kankar was pn^sent in tlie strata which developed salisfacloHly. 

Mr. Trivedi's theory was that a cavity of shalh»w' inverted iiniNli 
room shape w'as formed niuler the hard clay bod extending in the 
case of l'na(» to a* diameter of approximately 2tK) feel. It was 
iniproliable that an uiiKUp]M»rted roof of elay oX a span (»f 11(10 
feet would stand np. Ills opinion was definitely that it would' not. 

He had had too inaity cases of a clay roof collapsing iiinho’ sneh 
coiKlitions. He had referred before to the fact that (he sands were 
mixed willi kaiikar. In the develo|niient of (he wvlls In* ciaisitlered 
that, the saiid had been piiniped out and the kintkur bail remained 
beloW' forming a immoun lilter extending verlieally and lab'iiilly 
to such an extent thai at its bouiidaries the sand was under a 
stable regime. In oilier words (he outer surfat'o area of (he loinkitr 
tiller was such that (he vidocity of the wu'ter eiiteriiig the tiller was 
insnilieient to move the sand and the regime was slalde. Thus 
sand-free water was pnnluced. It was pr diable that eipurlly good 
results could he (ddauieil at thost* places by lowwing a coarse 
slotted j)ipe into the mixture of sand, katiknr am) hitjri and 
blowing out until the sand was eleareil out ami the tiller formed 
round the sbdted pipe. That iiiethf»d was adopted in Burma in the 
Pegu sands whicli contained a large pro](ortioii of gravel. In fael, 

111 Burma tine strainers were praelically nnknown. Jfe had eon. 
structed “developed” W'ells in Buima in the jnanm*r imlimtied hut 
had hastened and improved deveiojnnent by sinking auxiliary idpes 
round the main tube for feeding in gravel and extending 
the area of the tilter. The process was tlial referred to 
by Mr. Trivetdi at tlie. end of his paper. He felt thai 
he could not pass Mr. TrivedPs lemarks about air lift 
pumping. For developing a w'ell it could not be improved 
upon but for pelfmanent pumping it was inefficient. The efficicney 
of an air lift pump w’as of the order of 20/25% and that of an 
efficient bore bole pump was from 60/75% while any depression 
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(I({sif(‘)l I'oiild he (ililiiincil with tlu* lutt*‘i‘. In fact, bis firm iiistulled 
ii VV«*1I Tni'biiir |»iiiii|> Inlrl^v ill a of 15U feel in a 

tiihe Il(* ilid not follow lla* iiiilliorV formula. It did not 

app(*ar ron*iM*l to irssuiiio llial the lal<*ral vi'locity was tMjUal to tlu* 
viM-lical vrioc ily in lli»‘ pipo. Arroidin^^ to thr aiilhoi’j ihn sand 
siii’farn from (In* loot of tlin pipt* di'pmidiMl on tln^ diain(*t<‘r of the 
pipe, M*res|M'«*tive of tin* v<‘lorily. If the shape of the ravern was 
as sii^^'(-sted hy the aullioi* a-nil tin* siirfaee eoiisisted of sand, the 
depth would iiieivase ii|) to tin* point at wliieli the lateral veloeity 
of the water was iiisiitlieient to distnri) the sand. At T'nao it 
worked out at ahoiit S te(*t p(*r seeond al (he f*»ol of the pipe. Jn 
e<ai<‘lusion he a<rain tliankeil Mi*. Trivcsli for his most interesting 
papi'f ami sii;(;»ested as a line f4)r further e.xperiiiiental work the 
tt‘stin;(of the theory that \i<‘lds of tithe wells wore ilireetly propor- 
tional to the infiltration liea<l. That was eorre«‘( up to a point hut 
how far it was not yet known. 

.Mk. W. 10. Lam: reinaked that he eon hi not. add iinieli to the 
eomnn*nts nnnh* hy Mr. S. Kno\ e.\<*ej)( to eojtlirm tin* dan^fer 
of a eollapse of the < lay roof as home out h\ tlii'ir own experienee, 
that is to say, M<*ssrs. SimiK ami Saxh\’s experieme in theeonstrin: 
tion of gravel 4levehi|nMl tithe wells. 

<N»t.. F. i\ Ti:.m eta: remarked that the (irst sta((*ment in the 
jatfier was a* ehallen<*'e. Tin* yield from an open well sunk in sand 
eoiild he made very <'onsiderahle, if the .sand at tin* hot tom of the 
w<*ll was kept in its phnv hy an inverteil *»:raded lilt(*r. The 
pamphlet "Surfare \Vt*lls in Sandy Strata" (Thaeker, S|»ink & Fo.), 
<*.\plai(ied fully how' that e<nihl he ilone. The lirst seiitem-e of the 
seeomi paragraph invited eritieism heeaitse a hulletiii on the suh- 
jeel, pnhlished hy the <h)\<*rnment of (he rnited l^rovinees, some 
oO xears a;ro, ;j[ave tnmh xa'Iuahle information on the suhje<-t. 
Tin* paper, it was Inn*, earried the invest iija tion a ^toihI deal further 
than the former, and was for that veastm a valuahle eon tri hit tion 
(<» the knowledjxe sueh wells. The reports of the elieiiiieal 
analysis were very ineomplete. There was nothin*; to sltow' that 
the hardness of the water, or the iiia*;nesiitm eouteiit w’as in any 
way suitahle for a ilomejstie supply. It was mueh to he mrom- 
jaended that further investigation he made on the lines indieated 
mid the results tabulated even more fully. 

K\i Svinn K. i\ I* \Nt:u.ii;i: idiserved that tlie prineiples under 
lyiiij; the yield of wells had been investieated both theoretieally 
and praetieally by eminent enj^ineers in other eountries notably 
in Geriiiany and Ameriea, and the {general aeeuraey of the results 
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of theso invest illations appeaml to l»e faiily esiablislied ; (he differ k. r. 
eiicus in their ol»servations or forninhr mij»hi he dm* to ditTereiii ***“*^***^^***‘ 
eharaeter of the water hearing: slrata in wliieh the investigations 
had been earned. TJie aiitlun* would ha\e done well luhl in* follow 
ed their line of invesiigation ami gave similar data with reganl 
to the wells at Tnao nr llalliras. The author did not seem to have 
imule any saml analysis, so it was not possible to timi out if the 
ehange of the eharaeter of the sainl grains was responsible for the 
elearness of water said to have been obtainetljit i‘nd. It might 
be there was a las-ket of line sand, wliieh when pumpeil ont wirs 
replaeed by eoarser sand olfering b‘ss resistaiiee to the tlow of 
water, and the erilieal velocity of tin* sand grains or the velocity 
at which they started blowing, was higher. This v(*loeity tin 
fortunately did not upiiear to have been tiieasined at any stagt* of 
tin* ex]ieriment . The (‘aliMilation given by tin* author in I’age 
\Nas not to the |»oi]it, la* had mer4*l\ toiiml ont tin* h*ngth of the 
shell of the tnb(*, (*(|iia*l to the area of its (‘toss section. The Dow of 
ground water, amongst others, 4lep<*nded upon the (‘h:ira(*t4*r and 
porosity of the stratnni, the d4»pth of lowering the water h‘vel, 
tin* hydraulic gradient of the wat4*r talih*, Tln*se had md been 
tak4*n into ae<*onnt in tin* (aleniitioii. In Page Mr. Trivetli 
stated that at tin* <‘nd (»f (In* t<*st the wati*r iditaiiied was priudii' illy 
free from sand, but he had not given any ri*asoii lor this elcarm ^s; 
his e\[ierinn*nt was not (‘omph'te. In* did not investigate tin* 
eansi* of tin* slop|iage of saml blowing. .Moreover, his remark 
did not agree* with app<*ndi.\ A from which it appeareii that 
praidically the sann* amonnt of saml was pnm|M*d ont each eiay 
in tin* latter part of the eNperinn*nt as ii> tin* fornn*r. tin* fUily 
dilfereiiee being that (In* proportieui of sa. *1 to water piimpeil was 
considerably less, i.e., m*arly one tenth Jif the former, lb* had 
mrt stated ln)W the r<*moval <d’ sand from the hot tom would affeel. 
the stability of the well. Prom experiene<*s at other pbiees, it 
was believed that the well eonbl not.diave a v<*ry long lile. The 
only thing in favour of it was that there was no heavy maehiiiery 
oil the top of the well. The liability to failure by fra<ture 
of the rlay bed by exee.ssive puiii|iing and thereby eoiitiniiously 
removing sand forming its siipfiort, was obvious. Lastly, the 
diseliarge curves given in IMates III and Vi were misleailing. The 
graphical representation of (he variation of yield wdth the depres 
sion of water level was almost straight only for some tiistanee 
from the bottom ami then it took the form of curve, i.e., an yield 
of 62% or BO eoiild lie obtained when tJie wjiter loweretl to about 
40% of the depth of w’ater in (he well and w'ith ahoiit 75% lower 
iiig of wart,er an yield of 00% could perhaps be obtaineil. Of 
e^iurse it w’ould dejKMid on the density of tin* w'at(*r bearing 
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Htratir and the slope of the water-table and other factors. The 
experiiiuoit was Jieither complete nor conclusive. Neither the 
safe nor the [lermanent yield had lieeii determined. 

Mu. F. (iitiPFiN observed that tlie tiilsi well construction 
descril>ed in the pji]ier wfis very interest in^^ The idea of the 
cavity at the botlom of the lube, — only U" deep but of consider- 
aible area, —was <|iiite intri^uiiiji:. Near the bottom of patje of 
the paper there was the statement that IJathras had a baltery 
of live tiihe wells, but there was no iiidi<*ation as to how near 
these wells were to ei«*h other. i*resumably wells of this typo 
would have to la; a crmsiderable distance apart, as otherwise the 
wells in the nuitre of a ^^roup would fjet little or no water. One 
could not imaijine, for instance, that it would be workable to have 
the wells so close to^jether that the (‘avilies joined iij). In Lower 
Hen^^al there was rarely, if ever, the thick IhmI (»f stilT clay which 
was m‘ccssary to make that lyp<^ of tube well succc^ssful. The 
strata were mostly alternate layers (»f ‘•sandy ('Jays” and “clayey 
sands/' ainl some sort of strainer,— ]»referably shrouded, — appeare<i 
to be necessary. At the end of the pai»er the author mentioned 
further developments whi<*h he hoped to describe on some future 
occasion, lie did not know windher the author referred to 
the jjravel bed tube well. Information as to whether that 
was afiplit^able under ermditions where there was no thick 
lH*d of clay won hi be very' useful, lie w«>uld like to ask whether 
information could be jjiven as to the j^ecdoj^ical formation, and as 
to the direction from which water entered the water bearing 
strata which Avas yielding the sup|dy. The overlying stratum 
was described on page :>S as ITd fetd of very stiff clay, and presum- 
ably the water could not get down through that stratum. He 
should also be ghul to know Avhat the liardness of the water 
was, - (the c(dumn was left blank in appendi.v M) — and also 
whether the uptake pipe of the tube avcH shown in Idate 11 bad 
to be as small as .‘1 inch in <u*der to bring up the sand. The 
yield was given iy » 221 gallons per minute, and the velocity of 
the water at this rate would be about 12 feet per second, with a 
loss of head <»f some 115 feet per KM). 

Tum At'Tium, in reply, said tlml Mr. K. l\ Surti had iiKpiired 
if there was any river near the site where tulwi wells had been 
constructed at llatliras. The answer was in the negative. Mr. 
Surti had explained very fully how fresh w'ater could be obtained 
in an area whore soil contained saline matter, provided there was 
a river close by. That sc^mied quite likely, but the question was 
up to how- far the beneficial effect of the river was effective. He 
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had carried ont some boriiifi; work at Shahdara near Delhi. «nie Antiior 
The Juiiiiui Jlowed only a few' miles from it and there was a big 
canal close by, still m» fresh waiter was struck at 1!25 ft. depth, 
to wdiich the boring \vas carried ilown. In another case where 
the. water w’as brackish, ti boring was carricil out. just close to 
a running canal. The substdl water and the water found up 
to a depth of about 160 ft. below ground levtd was sw'eet, but 
when the b(»ring was carried <lown to 1260 to LHIO ft., the w'ater 
again be<‘a.me brackisli. Thai pcdnt and many other points 
required considerable research. The presuiiqition of Air. Surti, 
that the test result of the sjiiuple given in the appendix in the 
case of llathras lube well was for tlie sample drawn at 278 ft. 
depth, wa's correct. The samples from other depths were how- 
ever not analysed. 

Eegarding Air. ]*. Sarimp's cxtmments tlu' author agrenl with 
him that the developing of that type of tube well did take time and 
meant ex|ieiise. In th(‘ ease of the Tnao tube well, )iowM‘ver, con* 
sidering the number of experuuents carried out. and the 12 ' diameter 
tube well, the cost of Its. 6,(HKI compared favourably with any metal 
strainer tube well with the additional advantage that there was 
nothing to clog. The strainer described by Air. Saroiip was very 
interesting bnt the aiitlior had no experience of it. Considering its 
cheapness, it would he worthwhile for the |H‘ople interested in lubo 
w'ells to give it a trial. 

Air. Irani had nuninented on the catt nlaiioiis given, regard- 
ing the extent <d’ cavity found in the ease <*:' the Tiiao tube well. 

TIh^ author had already iiieittloiied in his ]iaper on jiage 86 para- 
gi*aph 8, that those calculations of the diameter of the cavity 
W'ere only guesswork, aw the a«*tual condition undernealJi could 
not be known by a single experimenf. What had, however, ls*en 
established beyond doubt was that the depth of the cavity did 
iiot (‘xeeed a few inches at the most. Jn the third paragraph of 
|»age 86 he had mentioned another point of view in connexion 
with the yield of w’ater from saml, and it required considera1)le 
rt^earch work to tind ont the condition, how sands yielded up 
their water at various depths underground. Air. Irani had also 
expressed his doubt regarding the risk of the layer of hard clay 
overlying the sand falling in unless the biyer was very thin, lie 
did not agree with that view as cawes had come to his notice 
where fairly thick beds of clay, from underneath which a good 
deal of saml liad Imhui [uimped out, had not been able tf» siifiport 
CTen heavy masonry steinings erected over them. 
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Mr. Ilo^hcirs SIS to Ih»w tf» ThhI tlir niilimil rsito of pump- 
iii;< of SI \V(*II wsis not- vrrv I'sisv to siiiswor, but tin* siutluH-V cxp^oi- 
(‘iH i! WSIS tlisit if SI ilrpivssion in osHiiisiry st 1 :^ 111 * 1 * tulu* wells of 
sihout 15 to 20 ft. was in»t e\r(‘e«l*Ml in the nsiisil woikinj', tJiere 
WSIS no ilsin^ei' of niiniiijr the well. It hsnl silso been his ex 
perieiiea ihsil if si tiibi* well was krpt i<ile for soinetiine, it. 
Oetci’iorsited v* rv sippreeisibly. .Mr. Iloj'beirs remarks siboiit 
slrsiiners were vei-y inh-resl ini** and bore out the author's expej-ienet» 
silso, SIS Im‘ hsid found llial in insiny pisiees bm^ bn^ths of expensive 
slrsiiners eoiild hsi\e been isisily siibst itiiled liy very sinsill len^tlis 
of propiU'ly eonslrneted strsiiiiers without siny reilin-lioii in lludr 
> ield. 

Mr. OhsikrsivsiTti hsid rsiised the point r(‘i;sirdin^ the yield of 
the obi tube well roust ruet(‘d in 1015. Ee<‘oids showed thsit the 
tube well wsrs ISO ft. dee|i and had 75' of 7" strsiiuer in it siiid 
on lirsi lest yieidiMl somelhin^ like 5tNI ;>siilons per minute. lint 
then* w'as no record of the depriNssion luaid put on it. It r'oubi 
not, however, bsive been more tlisrn 15 or 20 ft. as no air lift was 
used at thsit time. As tin* records wi*re \ery old, the sinthor I'oiibl 
not vouch for the sK'ciirsicy ol the dischsirae. In any csise even 
if it WSIS considered thsit it wsrs only 250 or 500 pi lions per 
miniiti*, the inb<* well sippri'ciably deteriorsited on siccount of its 
lon^ ilisiise. There wsis si p*esit dilTerence lM*lween a tube well 
lyinj; dormant for a yesrr sind luie reiiisiininj>: unused for 10 years. 
.Messrs. Scott Sind Ssixby’s explsination thsrl si hsinl crust f»f car- 
bonsite foriiUMl on the strainers wsis quite correct siiid it wsis due 
to this that the pores of the strainers t*b>^p‘d up and the dis- 
( hsirf^e gradually fell in time even if a tube well was kept run 
nin^ bat if the tube well was kept doriiisnit it deteriorsiteil much 
faster. 'I'lu* sinthor si^re(*d with .Mr. i'hsikrsivarti that in the case of 
a tube well with loiijLr leii}>’ths of strainers tin* fiu'inatiou of a 
caf\ity was not neces.ssiry. Miit in strainerless tube wells, there 
was no doubt that some sort of cavity wsis formed which sup)died 
water to the tube well. Mr. (Inrkravarti's assumption that 
there was a* permanent level of .subsoil water at a depth at which 
the tube well w'sts liuished was not borne out by exi‘erience, as 
this varied wdlh varisitiojis in (he seasons. 

Mr. Knox said that he had tried this type of well in the plain 
isaudy strata and it had fulletL This was borne out by the 
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Miitlior's (^xiM^riinonts a-lso as, until the einl of the tube was ilrawn tiu* Author, 
up to the l)oltoiu of the rlay, there was eoiistaiit trouble with 
sand blowing into the tube. The author had ind su^estetl in 
his paper that a <‘avi1y havin<>: a diameter of UtK) ft, approximate 
ly had been aetually formed as lie had no means at his disposirl 
to test tiie truth of that assum[dioii. The only thin<>: that wav 
establislieil was tiurt tin* depth of the eavity ditl not exeeed n few 
iiniies. So he only made an arithmelieal ealeiilation to 
show that the amount of sand pumfied out represented an area 
ha\ in^ a diaiueter of I’tKM't. lie had also said that it was a. 
mere assumption and that he lurd su^^ested another {Missihle 
solution which, ht)wever, re(|uireil e\]ierinientK to provi» it. Mr. 

Knox's explanation, lliai the sand stra’tiini that was yield in;; water 
Contained some haulier, which mi^ht sn|iport the day hed, 
ini;;ht also he true. Ills assertictn that e(|nally ^ood results 
(‘oiild li(‘ obtained at those ]daces by loweriiiir tin* roarst^ slotted 
)'i]u into lIuMuixtiire or sand ami /myn. bad also been borne out 
by facts, as "2 or :» wells constructed at llatlinrs were of that type 
and it was that type of tube \\(dl, whicb tin* author had referriMl 
to at the end of tlu^ paper. The author a;;rced with Mr. Knox 
that air lift was rather inelVicient but as it bad many advanta';;es 
and coinbiiKMl with a boosting; plant its etiicienev coinpareil 
fa’voiiraldy wit li c.l her types of plant , it xvas invariably used for 
tube well pumping; for water sup()lies in the rnil(M| ProNinces. 

.Mr. Knox iiad retVrrcd to the fornnila ;;ivcn in the psrper. (Vrtain 
assuiii|itiim bad been ni;hle and consideriii!; the very small area, 
to wirn-li it was applicil it scciimmI rea.smiable. Kiirtlier it very 
well e\|dained the small depths of c}ni»y. The antiior a;;reed 
w'illi Air. Knox ilia! the relation of the y: ‘hi (»f lube well and in 
liitration bead Wit's worth illv<^sti;;ittin;;. 

Mr. Litne's fejir of the colhtpse o/ the cbiy roof was md, iiriuj^in 
iirv, bill such ii cnllaps<‘ was <piite imminenf if ;i thick bed of 
ebrv was not availjibic for this type of rooline. 


Mr. Tenifile bad referred to the method of iuerejrsiriif the yield 
of open wells sunk in sand by pultinyjon inverted ;;riided litter. Sueli 
wells had not been fried in the riiiled J’roviiices and the author 
liad no experieiiee of them. The method offered a very p»od seupe 
for experiment and should he taken up by W'ell eiiffirieers where 
(-onditions w'ere suitable. The iiuthor re^jndted fhai he had not 
seen the bulletin referred to by Mr. Temple. Me jilso re;;ret1ed 
tliat the tii^ires for the hardness of the water were not. available 
for these particular wells, but that inforiinriion was available 
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,jie Author, for other tube wells, sunk in the ddnity afterwards ns given 
I l)cl<»w : — 

... 18 
... 8 
... 10 

... 18 
... 13-5 
... 4-5 

111 re|ilj to Kill Suhiii K. Dtiiierjec, the author said that he 
hoped that (he Kni Sahih did nut siilisrrilie to the view tliat it was 
always safe to follow a beaten track atul that theitf tvtuld be no new 
line of attiit'k, by whieli a prultleni euiihl lx*, solved. Necessary sand 
analyst's by means of sieves mid by means of grading with water 
were carried out for eat'h ty|ie of sand that wim puiufied out aTid 
these were not. given as tht'se were considered unnecessary for the 
lairpose of the paiKT, The ipiantity of sand that had lieeu pumped 
out. had not niirde much difTert'iice to the strata from which the 
water was being taken and in lioth cases it was very line sandy 
clay inH'i-spersetl with a fjjjw i>ieces of kuiikar and Imjri, that was 
lieing dependeil on for (he supply. With regard to the Rai Sahib’s 
remarks that the critical velocity was not found out and that no 
account was taken of the character and [lorosity of the stratum, 
Mr. Trivedi said (hat the depth of lowering the water level and the 
hyiiranlic gradient, of (lie water (aides Imd very little bearing on 
the subject, as he was not in a position to carry out this work as a 
tt'seareh scholar, but that he took some observations in the course 
of construction of thosi' tiilH' wells, which he had co-ordinated for 
the inforination of the enginei'ring profession. He had never 
said that the results of the experiments were either complete or con- 
clusive. He lielieved that immense I'esearch work was necessary 
to llnd out the behaviour of the «ind beneath, in yielding its water. 
The Huao tnlM> well was being worked since 1927 and there had been 
no fracturt* or failniv liy ch^ging up to this time. 

The author would like to inform Mr. Griffin that the type of 
tube well referred to would be risky where a thick bed of day was 
not available and for the type of strata met with in Bengal, the 


(a) llnao Tube Well. 
No. 3. 


(b) Ilathras Tutie Well. C 


No. 4. 


Total hardness 
Temimrary hardness 
Permanent hardness 

Total hardness 
Temporary hardness 
Permanent baldness 
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slotted pipe tube well shrouded \rith ballast would be quite useful. Th« ivUio. 
The soft clay encountered art both thm' [ilnrrs was practically 
devoid of any water. At Hathras, the «liKtaii(i' apart of these wells 
was about 400 ft. from eacii other and stuae of these wells hml got 
slotted pipe strainers shrouded with gravel. As regards the hard- 
ness of water the figures were not available. In Plate (2) was 
given the iiermanent arrangtuneiit and it would Ih‘ w'eii that the 
outside system of air lift was employed. The discharge from this 
well was limited to l.'tO gallons jter minute in the perininieiit 
arrangement. 



THE B. T. U. IN AN INDIAN PAPER 

MILL 

BY 

A. R. BEATTIE, Member. 

(iKNKKAL: Tlint tin* K. T. L'. ocrupR's an important position 
in I hr l^lpp^ nniinifartory is rrmlily d«*trriniiir(l by tho costs of 
strain and powrr, in tlirii* rrlation to the total production costs 
prr ton of |)aprr. Iiiridriitally it may br rrinarkrd lirrr, that 
coal <*osts |HM' toil of pr.prr is thr tiTin adopted tlirongliout this 
notr. This is, in [irrfrrrin*r to thr widriy accepted term ‘tons of 
<*oal prr ton of papt r,’ as this latter lias an almost* negative 
value in tiTiris of (‘omparison, by reason of thr great variation 
in riass and pri4*r of fm*l as betwrm mills. Thr principal factors 
ill the (‘oal costs of an industrial 4 ‘oimm rn are drpcjidrnt upon 
windhrr tin* ]ilaiit is a inodi'm one and thr ilrgrre of rfliciency 
attained in making tin* utmost nsr of a power atnl heat balance. 
This is particularly applicabh* to a .Pape*!* Mill, where the pro- 
<*<*ss eh'inands the* use* eif large e|nantitie*s of low pressure he'ating 
st(*am. ir this ste'am is grn(*rate<l in tin* first instane*e as high 
pre'ssnrr ste'am, a elonble purpose may br s<M*ved, namely, the? 
supply of both ln*at ainl powe*r. That there* is sufficient induce- 
ment to a close up stinly eif the* e*onelilions eibtaining, and the 
|iossibility of savings on ^ennbiin'el powe*r ainl he^ating, proe*<*relR 
from thr fact that it ie*einire*s only 1* or per e*e‘nt more* he*at to 
laisr steam te> high pivssurr than for the hiw pr(*ssnrrs generally 
nse*el for ln»ating ainl presTss work. To be* e*xae*t, the* total he»at 
in ste*ain at I'tIO lbs. pressure is only ‘J.7 |ie*r e*e»nl more* than at 
1*0 lbs. It follows that by raising ste*am te» a high pivssure, anel 
passing it through an e»ngine e>r turbine, power can be eibtaineel 
at a mnvli lower e*ost than is^ pos.sible e*ven in the iirnst modern 
ge*ncraling stations, whe*re the H.T.U. performane*e is carefully 
re*e*e>rde*el in all its stagers in the search for the higher ctficie*nci(*s 
ainl reelnction of power gene*ration costs. This will be meire 
tnlly eh*alt with at a lale*r stage in this note. 

tai Srlrrfion, Oraiiintj ntnl As coal is a 

source of tln^ ll.T.U. it. as desenwing of careful consideration. 
The*re' is pf*rhaps im single item in the oi:M*ration of an e^fisting 
plant, or in the ele*sign of a new plant, that, affords such an 
opimrtunity fe>r effecting economy as the selection of fuel. There 
are many factors involved and each plant is really an individual 
preibleni. The solution of the problem is largely a matter of 
boiler tests. All coal samples for analysis jshoiild be selected and 
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quartered, as standard practice and in order to Hecui>e as repre- 
sentative results as possible. This is pnrtkuilarly important 
where coal su])plies art* drawn fitmi vai-ioiiK seams. A )>oint to be 
carefully rememlKTOtl is that the smaller irrudes of coal (unless' 
they are well washed) have naturally a Itiwer calorilic vjilue owing 
to the higher peiceiiiage of foreigii mallei* they ctmtain. It is 
also important tt» ivniemlH*!* that in. boiler lt>Ktilig it is dilTicult to 
.obtain repi-esentative average samples of I lie fuels used if the 
fuels tary much in size. If (he sauqdes are not verv cart'fuilv 
taken the calorilic valiie shown miglil i.e too liigli and (his would 
I'educe the upi'sireiit ellieieuey «if the Isiiler -plaut nnd inciTase the 
unaccounted for loss. At tlie liesi, coal sampling is u very tricky 
business. 

(b) IIKAT VAHTJ*:. 

licHt value, detlucetl 

from an average analysis of viirious coals nst«l on a 

series of lioih>r tests prepara I ory J.? J'crla in grades Iteiiig seleeleil 
f«»r nup[dy in a yearly eoniraet basis. 


^Test 

PROXIMATK ANALYSIS 
CaLOKIMLTIvR. 

HKAT \ AI.PK B.T.U, 
rKR I.B 

No. 

Moisture 
per cent 

Ash. 

Volatile 

M.atti‘r. 

lOxcd 

('.arbon. 

As kei’eived 
on Hite. 

1 

8.3S 

10.07 

j ;u.o« 

.52.57 

13704 

o 


10.72 

1 :r..2i 

,11. .17 

13003 

3 

.0.91! 

15.70 

no.tjo 

iT.lifI 

106 18 

4 

0.77 

10.07 

-»J3. IH 

,57.08 

122ti8 

5 

o.tn 

10.12 

30.3.1 

o: !13 

13000 

(» 

6.9."» 

l(!.6l 

• >^. 1 .» 

11.31 

11103 

7 

J.17 

19,21 

OO f)<| 

,10.00 

J3050 

8 

0.70 

31 .70 

18,13 

40..3S 

10516 

9 

M.99 

31.01 

20.37 

,10.70 

121.52 

10 

3.87 

IS.IO 

3>3.03 

45.91 

ll(i82 

11 

0.95 

:so.7i 

IS.2^ 

50.00 

10621 

12 

8.8.3 

15.40 

.•«».i."i 

1,1.03 

iira'i 

IS 

1.P4 

18.13 

, 23.83 

.10.10 

12.536 

14 1 

10.23 

; 12.26 

; 31.20 

10.31 

114.58 

15 

5.56 

14.82 

27.81 

51.7S 

, 12052 

16 

4.40 

: 24.39 

26.54 

41.01 

10716 

17 

7.51 

15.08 

' 31.27 

10.1 1 

i 11223 

18 

4.40 

14.44 

28.0J1 

53.07 

12517 

19 

1.53 

22.20 

16.32 

. 50.05 

11804 

20 

; 0.85 

17.42 

, 19.70 

02.03 

12867 

Average 

Results 

{ 3.64 

^ 18.25 

■ ■ ! 

1 26.07 

; 52.02 

11837 
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THE INSTITITION OF ENGINEERS 


(cj Deductioufi ; — 

TIu* i-eHullH of llirw* trstw show si vsirisition in heat value 
of from JOoOO E.T.F. to E.T.F. with an ash by analysis 

variiition of H) to IMl per c'ent. The a\eraj;e results approximate 
fairly elosely to the analysis of the jj;raile of fuel finally adopted 
and whieli for sill praetii'sil purposes may be ronsidered as having 
a> heat value of Jir>00 I5.T.IJ. |wt lb. of fu<*l. 

IIOILEU TESTS. 

The following is an exani|>le of the boiler tests referred to in 
determining the most suitable grade of fuel to meet eonditions. 

HOJI.EUS: 3 W iV W W.f.F. type, heating 

Hiirfaei; 531)7 i**]. ft. eaeh 

SrJ'EHNEATEK IS iV \V (Jutegralj heating 

surfa^'e • list) ,, 

STOKERS 15 .S: W diaiii GjVites, Total siirfaee I I I „ 

Et/ONOM ISIORS Green’s Verfieal healing 

surfatu! „ 


OlSSERVATIttXS 

Ou rat ion of test. 6 hours 

(’ondilioiis of test Maximum Load 


FEEL. 


Nana* and elass 

Total as tired in test t>\en lb. 

Total ,, ,, (dry) lb. 

Consumed per hour 

'riiiekness of lire 

Ash by analysis 

rnbnrni t'arlMni in ash i.\nalysis) 


Saltinv Sereened Dust 
•IbltU lb. 

•17S5- lb. 

Gist lb. 

3-75 inehes 
It )’ 73 
. 3-30 % 


ANALYSIS I5V WEIGHT OF FEEL AS FIRED. 

Farbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 

Ash 

Moisture 


71 10 % 
5*05 % 

7-44 % 
0-35 % 
10-73 % 


100 00 % 
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Net or Lower Calorilie \'aluc of Fuel ns lired, 112G93 H.T.U. 


FLEE CASES. 


Jty Volume Ey Weight. 


CO 

i'O 

N 


2 


Flue gu s' temperature liefore eeouoiiiiNer 
Fhie ,, ,, after ,, 

Holier House ,, 

Draught at entfU'ing eeiuioiiiistu* 

Draught at near Cliiiiiinw base 


11 00 v„ 

10-08 % 

nil 

nil 

O OO 


SO OO . 

71- tO % 

1(M» (K) Vo 

lOOOOVi 

M 1 

1 >«•}!. I'nli. 


19 *f 


M M 


'* M M 

U*(i‘jr> ins. W.H. 

o sr>u „ „ 


STlCA!il 

Average pressniH* 
Saturated teinjierature 
Total 

Degree of .superheat 


\\)7i Ih in. Ciaiige 
;1S(» Deg. Fall. 


r>su 

20U 


o 


WATEK 

Teiiiperaluiv entering eeiuioiuiser 
Tein|>eralure leaving 
Total evaporated aelnal 
Per hoar actual 

(^)st of evapf)rating lUUO galls, aelual 
Cost of lOtMl ,, from 

and at iMli Deg. Fah. 

Lti. Jd' -water eva'jMM*ated jier anna of ei>st 

DEDECTIONS. 


ir»U Deg. Fall. 

IUI7;J0 Ih. 
IJTI.m II). 

Ks. 1 L» :5 

Ks. r> 9 
i:>i 11). 


Total evaporajed per hour frimi and at 

tlV2 Deg. Fah. S-JSOtl Ih. 

Per Ih. tWet) coal aelual S*21 )h. 

Per Ih. (Well ,, from and at iM- D«*g.Fah. lu ll Ih. 

. Per sq. ft. II. S „ „ lb. 

Fm tor of evaporation ineludiiig superheat 1*2^1 
Theoretical evaporation as conditions JO.Gl Ih. 

' Mean specific heat of products of 

f-onihiistion 0-21 H.T.fV1h./I)eg. Fah. 

Air used per Ih. of fuel as fired 14.75 lb. 

Air theoretically required per lb. of 
fuel as fired 


9*26 lb. 
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Ratio of air UHed to tlieorctical air I'oil 

W't. (tbfor.; of (irodiulH of roinhiistion as lirod 10.11 \h, 
\Vt. (Actual; ofi guH(*s IK*r Jb. of fu«*l as bred 15.60 lb. 

IJEAT ACCOUNT 

llcat transferred to boiler and »«iiperliea(er 
IJcat „ ,, eeonoiiiiser 


Therinal Ktfv., Iioiler, .superheater and 
e(:(niomis(*r <*onibined 0S25 77.50 % 

Heat lost to products of coiitiiiistLon 1018 8.00 % 

Heat „ ,, excess air 552 4.32 % 

Heat ,, ,, steam from combustion (573 5.30 % 

Heat ,, nil till rut <*:irlion in ashes 2(.S 1.03 % 

Ihihince of heat aceoniit, err«»rs of obsiu'vation 
unmeasured losses such as due to radiation 
escape of unbiirut li^'dro carbons^ su|»erheatin^ 
moi»luix^ in air (*tc. 37 1 2.0.5 % 


Total heat value |K‘r lb. find as tireil 12(503 KKI.OO % 


B.T.U. 

0000 7100 % 

825 0-50 % 


HOILKR TEST RESULTS. 

The results of tests in jj:eneral show an overall boiler efficieuey, 
varyiiifj from 52Vo to (5S% on the Lancashire boiliTs and 
70%' to 77Vo on the R. & IV.I.K. type, water tube boilers with 
a cost variation of sixty to idj^lity-fonr pence, per 1000 gallons, 
actual, water evaimrated. The normal ellieieney with the boilers 
operating under every day load conditions, ami when using coal 
with a calorilic value of 11,000 R.T.X^ is approximately CH per 
cent on the Lancashire boiler, and 72 per cent, on the water tube 
Iioiler respectively. Steam generating costs are v(u*y definitely in 
favour of the lower grade fuels. Tt may be stated at once that 
the figure of (H per cent eflieieney leaves eonsidernble margin for 
improvement, even on Lancashire ludlers wliieli have been in com- 
mission over a \'ery long period. The figure of 72 per cent 
efficiency on the water tube boilers, wdien (‘omjiared with the 85 
per cent of a modern iMiiJer unit with all its instrument aids, is 
apt to lead to a fwdiiig of depression, but on the other hand — 
considering the limitattons imposed by the class of labour employ- 
ed the Httaiinnent of the ’ lower efficiency may be the greater 
personnel achievement, and ns such, should act as an incentive 
to establishing a still closer contact with the elusive B. T. U. 
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UOILEB INSTRUMENTS. . 

Econoinus in the production of Blciiiii aiv. invariably a direct 
i^^sult of accurate and detailed knowledge of what is occurring in 
the boiler li(»UHe. The iriKtallation of inetering u]uipiiietit at the 
steam boiler [)lant can then‘ft»re be iHcoiiiniended with every 
contidcncc, as its intelligent \xm will ensun^ a speedy return on 
its capital outlay, and what is more ijni»ortant ai ' perinaiieiit 
record of plant performaiiieo and < llicieiicies. The mention of 
meters usually raises a vexi^tl question with thos<‘ concerned with 
tinance and for this state of affairs the boiler maker is largely to 
blame. The maker's equipment cd a moilerii boiler unit, even to- 
day, s<-eins to be largely determined by the bare ntM'CssificH of the 
boiler regulations, and inetering equipment if mentioned is quoted 
as ‘extras,’ Anything in the nature id ‘(Extras' is iniiiiediately 
suspect, whereas if the boiler speeilication covered complete 
metering equipment, as an integral part of the unit, it would ba 
accepted in the ordinary course. t)ii the plant under W‘view a 
permanent record is obtained of o[>eiation under every day 
conditions of load and which after all is a true measure of pliint 
c'fliciencies. Moreover, detailed and accurate, reeordiug leads to 
accurate costs and closer contact with the source of losses. 

PIPE SYSTEMS. It will perhaps be of some iniei'cst if we 
deal with the layout of steam and exiiaiisi piping. Steam mains 
should have the treatment they desi rve, by reason of llieir 
iinp(»rtaiice in plant economics. For stcain mains it is advisable 
to draw up a diagram sliewiiig the relation between pressure drop, 
steam— eousum[dion. radiation losses, etr. From eonsideration of 
this it is possible* to obtain the exact sixe oi' the pipe wliieh will be 
most ecoiioiiiicnl for the duty considered. 

RADIATION LOSSES. Steam pipes, feed water pities, 
boiler steam drums, receivers, sejiarators and the like should be 
covered with heat insiilating materia] to nsliiee heat 1oss<*h to a 
iiiiiiinium. Data availabb^ conclusively proves that the heat loss 
from bare pipes conducting heated fluids is so great that any 
good grade of pipe covering will pay for itself in a comiiaratively 
short time. 

The following “l^iilagged Surface Heat Loss Table” has been 
compiled from a<dua] tests carried out by the N.P.L. Teddiiigton. 

Heat loss from uncovered surface and through 2*, and 
85% Magnesia Plastic Conqiosition on a six iii(*h bore steam pipe. 
Air tenii>erature at 7d legs. Fah. 
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Jt. Th. Fh, ES(\\FIX(S fee lioru PER SQ. FT. OF HEATING 

SUliFAOE. 


Srearti 


Temperature 
ill clcfcree.s 
Fahrenheit. 

Uncciverecl 

Pipes. 

, IF thickness 
of Magnesia 

! 2* thickness 
of Magnesia. 

1 

21* 

Magnesia. 

100 

oS • 

0.0 

7.32 

i G.2S 

200 

207 1 

[ 41.75 

31.70 

! 28.30 

:ioo 

libs 

74.r*o 

CG.90 

48.75 

100 

1110 

100.20 

83..'i0 

71.40 

500 

ISI5 

147.20 

1 13.00 

07.50 

tiOO 

2 (;so 

187.00 

J l2.(Kt 

120.50 

700 

! :i7t;o 

220.00 

i7n.r.o 

148.00 

soo 

j rdKO 

275.00 

' 200.(M) 

178.00 

000 

! 0S.50 

:t:ti.oo I 

218.30 

212.00 

1000 

1 so:*>o 

1 

21(2.00 

i 

255.00 

l>ealing 

with insu1ati<Mi of steam installations. 

the following 


illnslnit(\M tlia iiioiM'fary saving wbirli it is rlaiiiittd can 
lie elT<*('(r<l by a lirst class iiiKiilaliaii, as against no covering. 

ExaiH|iU‘:- A < ri dnun water lube boiler operating under tbe 
folbiwinn: condilioMN : 


Healing surface 
Steam pressure 
Superbeated .steam temp. 

Average enici(‘iicy 
Foal per hour 
Grade iif coal 
J*rice <il* coal pi'i* (nn 
Insulation - 

])ruiUK^ Hoiler pipes, ami Valves. 

Su|H‘rbeate4l and 
other pipes 

Insulated area 

Heat leakage uncov(‘red surface 
Heat leakage' covered surface 
Ih^at saved per hour 
Equivalent coal tons—IUO days 
Saving in cost of fuel {ler aiuiuin 


<1^77 sq. ft. 

LMM) lbs. gauge. 
t»;W degs. F. 

7U per cent. 

:(0;{0 lbs. 

|•nscreened Slack 
Ks. ti 0 0 

iiy Magnesia and V 
ha rd .s(d t iug coinposi tion 
IF to 2.F Sr>% Magnesia 
and F hard-setting 
Foiiiposition. 
lOSo Sq. ft, 

B. Th. Us. hr. 
141,050 „ 

••1,222,150 •, 

1482 

Rs. 8892/-. 
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Here tlie initial applied cost of the insnlatiou would be 
approx iniateljf' lU. 1II50; -, an oulUiy irhich nrorercd in less 
than tiro months ofnration, IVrliaps Ibe iinportaiU'e of beat 
losses may be best understood from tin* faet Hiat eatdi stpiare foot 
of baiv surface at ii temperature of say 4d0 dejjs. F. iH‘pr<‘s«*nls 
IIST) lbs. of coal per itnnum. It is obvious therefore that lieal 
losses can be a serious baiidi(*ap, where, as in a p:if»er manufae* 
tory, the steam equipment is very extensive. 

1M)\VEK AND HEAT HALAN(M:. It is cbrnblful if any 
plant can be found Jiavini; smdi a relation of power and steam 
loads as to make possible a vumjdvtv balance, with all power 
obtained as a Ity product of the reduction of steam pressure to 
that required in manufacturiu^ prot'ess. The probhuii is increafl^ 
in;i;]y ditlicnlt, as with the plant under nvie^v, where existing 
higher limit steam iiressnres do md permit of the turbine being 
bled at an extraction steam ]»resKnre suitable to a complete range 
of ]»rdcess reqiiirenients. The steam extraction point in this 
instance laing suitable for process on the h»wer pr<‘ssures only. 
It is necessary in this case to generate steam in low pressure 
boilers and whi(*li is not conducive to higher ellicieiM'y'. The 
existing boilers were designed for a working pn^ssnre of LMlO Il»8. 
gauge and a sn))erheat of \7i{) degs. F. or a total steam tempeni’ 
tiire of TslS d(*gs. F. IVrmission to increase the steam i)ressure 
was r<fused. After full consiileration it was dc^eided that the 
superheat be increased to 2r»0 degs. F. representing a total tem- 
perature of tslS degs. F. A liotlO kw. B.T.H. multistage (‘xtraetbm 
(yi»e turbo alternator was installed, with a rating as folbiws : — 


Niirmal rating 

kw. 

Stc»ani press at stop valve 

liK) Him. {(!>)■}{*' 

Steam sn|K‘rlieat ,, „ 

2.'(» ildKM. F, 

Vaennm (Bar. iwr) 

27.."i iiiH. 

Heating steam press .'1(1 lbs. H. 

All liiailM 

Heating steam per hour max. 

:t.'ilMIU lljH. lir. 

K. V. A. 

.‘{125 

P. F. 

Wl% 

K. W. 

•sm 

Voltage 

50U 

K. P. M. 

3000 

Frequency 

no 

Phases 

3 
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VJ 

The luulenneiitioneil data haa l>eeri deduced from testa on site 
and witli certain aMMuniptions. 


Account. Stage Stage Stage 

12 3 

Load 1400 kW. 1880 kW. 2080 kW. 

Rating of Machine loOO kW. 2500 kW. 2.500 kW. 

Steam pressure UK) Ihs. 2(X) lbs. 200 lbs. 

Degree of superheat 150 degs.F. 2*50 degs.F. 250 degs.F. 

Vacuum 27.5 ins. 27.5 ins. 27.5 ins. 

Procfjss steam press direct (1) 80 lbs. 80 lbs. 80 lbs. 

Process steam press extract (2) 80 Ihs. «I0 lbs. 

Process steam demand /hr. (1) O^iOOO lbs. 2.')*‘UX) lbs. 12500 lbs. 

Process steam demand /hr. (2) 192K0 lbs. 21500 lbs. 

Power steam demand /hr. condcMiser 25200 lbs. 20200 lbs. * 19100 lbs. 

Load Factor «840 days annum 81 fK) hrs. 8UK) brs. 8100 hrs. 

Coal price ion delivered Hs. 0/- Its. 0/- Rs, 6/- 

Calorific value as fired IKKX) Tl.T.lJ I10(X) B.T.U. 11000 B.T.U. 

Teinperaiiire at on tori rig economiser 122 degs.F. 102 degx.F. 102 degs.F. 
Lbs. evaporation lb. coal 5.92 lbs. 0..58 lbs. 0.85 lbs. 


Boiler efficiency combined 04 per cent 72 peu* cent 76 per cent. 

Coal consumption- 1000 B.T.U. 0.112 lbs. 0.120 lbs. 0.121 lbs. 

Cost of Heat-— 1000 B.T.U. 0.(XXi anna 0.0054 anna O.Oa52 anna 

Coal consu nipt ion- Process 22710 tons 2.'i574 tons 18081 tons. 

Coal consumption— Power 15507 tons J1188 tons 10158 tons 

Coal cost — Process — Bs. 1,.%,2C0 Rs. 1,41,444 Jis. 1,08,486 

Coal co«f^ Power Rs. 93,042 Us. 07,098 Rs. 00,948 

Total coal consumption .*i8217 tons 34757 tons 28239 tons 

Total coal cost Rs. 2,29,;X)2 Hs. 2,08.542 Rs. 1,69,434 

Toini \wvfvr prodmi'd kWb 1]424(KX) J53t(K8(K) 105G4800 


Steam consumption kWh 
Heat coiisiiniptioti kWh 

21120 B.T.U. 

12981 


Coal coiiMumptioii kWh 

:t.02 11)8. 

] .08 11)8. 


Coal cost kWh 

0.127 anna 

0.(Xi98 anna 0.0589 anna 

Turbine offy. ratio 

57.04% 

*07% 

*67% 

Turin lie ihoriiial effy. 

15.70% 

25.m% 

28.85% 

Overall thermal eify. 

10.28% 

19.04% 

22.65% 

^(Makers effy.) 




J)El)ri'TIO>iS. The results ohtuiiied on Stuge 1, and Hlmge 
represent a periiul in pi'iiit reiKivatiuii, and the result aiiiunl at 
in Stage 3, marks an iniine<Hate improvement in plant effieieiicies. 

It will he iioUmI (leit the overall thermal ellirieiiey for 
at 2S.sri per rent, eoinpaivs very favourably with even the test 
super stations to-day. As the turbine is not yet fully loaded the 
eftleieney will naturally inere.ase when tlie load is iiiei*eased. As 
it is, however, eertain subsidiarv plant is even now ofierating on a 
iHuk }m>KMnre iMHiN at au OVERALL THERMAL EFFICIENCY 
of n;t.80 PER C^ENT. Tliose roRulta tIeiiionRtmta in no nncertaiii 
faRlklon 11)«> (H'onotnic M(Ivaut!igi*a of a coniliined iM>wer-aiu1-iiro(«mi 
plant in an iiidnMtrial inuloi-taking. 

PROOE^t£4. PaiH‘r io made from the fibrea of planta whicli are 
contained iu aiioli Raw Materials aa Raga, Wood, Graw, Strav, 
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' ' 

Bamboo aad old Papera. These may pass through many pro* 
cesses in the paper mill before the fibres are ready for use, but the 
actual operation of making paper is simple. (The papennaker 
naturally holds other views on this subjtM't.) 

PROCESS STEAM USES :-^)rdtnnrlly the boat required by 
process is known from past records or can be closely estimated. 
A steam flow 4>egraiu is of some considerable assistance in locat- 
ing and estimating heat quantities in the various (trocesses 
common to the manufacture of paper. In heating schemes the 
important point to laar in mind is that the energy dissipated in 
the pi'occsB of heating is derived from the latent heat of the steam 
and not from the ecnsible heat. When this principle is gras|.>ed it 
will be seen that the back pressure against which the turbine is 
requiml to work should be as little ns possible above the prc'sstire 
which corresponds to the temperature required at the point where 
heating takes phice. The use of exhaust steam provides the mill 
with power co.sting only the [trice of heat units taken out of the 
turbine, between the limits of the initial slentn pressure and the 
terminal pressure obtaining at the extract ittn point. IVrhaps just 
how simple it is in certain circiimstniices to obtain this advantage 
is revealed in the following test carried out by the writer, over a 
period of ten months on a section of [dant in the pa[tcr mill. The 
papermaking machines are driven by simph* horizontal ty[>e siugie 
cylinder, slide valve engines, with a cylinder diamet«'r of 1.“ inches 
2 ft. stroke, and nomally rnnning at 0r» r.p.m. It w'as found 
that when using turbine exhaust steam at 80 lbs. gauge pressure 
on engine of this type o[)erat.ed very successfully when exhausting 
against a back pressure of ITi lbs. absolu^t to the drying cylinders 
of the papermaking machine. The whole of the engine exhaust 
steam was used for paper drying and ihc n'sultant condensate 
returned to the steam boilers at a temimrature of 192“P. It is of 
sirtiie considerable inlorest to note that, irith the turbine oiwrat- 
ing at 72 per rent of normal rating, ’the voal coat jter k.tr.h. in 
4erm9^f bg-produet power — an ronditions of tent — is as tow as 
bnnas. With the turbine operating straight condensing the 
coal cost per k.w.h. is 0.085 annas. The contrast is a striking one 
indeed. 

GRABS BOILING 

Tlie following results are deduced from theoretical data 
applicable to the digestion of grass in actual practice. As for 
example : — 

Steam Calculations relating to digestion of Grass by Overbend 
method in Sinclair's Digesters — 45 Cwt. 
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Capacity of digcatcr 

572 Cu. ft. 46 Cwt. 

Hurface area 

278 fckj. ft. Weight 4 tons. 

Volume of Liquor used for cooking tsiken at 2000 gallons 
•■(uitutiiiiig 17^ lbs. NaOh per cwt. of grass boiled. 

ll'tttcr liquimlcnfH and Tvmitemturen. Lbs. Temp. 

Charge 1.5 (^wt. s 112 .5010 lbs. x .0 3024 90® F. 

Liquor 2000 (la I ions x 10 x .90 19200 100® „ 

Digester 4 tons x 2210 x .117 1048 90® ., 


Tolal Witter tMpiivaloiit and mean temp. - 23272 98® „ 

liadiation Loxsrs. Ciilcnlat*>d by means of curves — vide 
Nat. Pity. Lai), and L. It. Me Millan. 

Slnain tiupply. 

Low Pressure at 30 lbs. gtiiigt* Tenij). 271'‘F. Heat Value 1175 
lligli I'ressnre iil SO lbs, giiiige Temp. 32-1®!''. Heat Value 1191 


(1,1 Healing up to 30 lbs. giinge - 271®F. 

Steam: ~ 23272 x (271 - 9S| 

1 17.-. - 271 


4540 lbs. 


(2) Undialioii during healing to 30 lbs. gtiiige 
.Mean temp. 2I.5®F, Air temp. !HFF 
Temp, tlitl'erenee 12.5® F. k - 3. Areii 

Sti'iini 12.5 X 3 X 37S 

1 1 7.5 

Time 2 hours 121 x 2 


(«‘‘l 




Heiiling lip to .SO lbs. giinge - 324®F. 

1 23272 f 1.510 + 2 12l (321 - 271 1 


Steam 


1191 - 324 


28000 X 5t) 
807 


1018 lbs. 


1* 

Hadiatioii during lieating to SO ll>s. gauge. 
Mean temp. 240°F. Air temp. 90®F. 

Temp, difference ino®F. k - 3. Area 378 sq. ft. 


156 X 3 X 378 
^1191 


148 lbs. 


117 X 4 = 


378 sq. ft. 

121 lbs. 
212 lbs. 


Steam : — 
Time 4 hour 


74 lbs. 
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(5) Kadiatiou during digcHtinn at 80 Iba. gauge 
Mean temp. 324®F. Air temp. !H)“F. 


Temp, difference 2y4®l\ k = :i 

. Ami 378 sq. 

ft. 

Steam : — 221 x :i x : 

t-s 


“ JiJM 

1'1I3 Ills. 


Time 4 liours 222 x 4 

.S!»3 lbs. 


Table for Overhead Digestion td' 

4r> Cwts. Orass in Siiiebiir 

Digester. 

Steam lbs. 

Tiiim 

(1) Heating to 20 lbs. jircssure 

4540 

2 lioni'H 

(2) Itadiution during (1) 

212 


(2) Heating lo StI lbs. pre.ssiire 

lois 

J Iiour 

(4) Kadiatiou during (2) 

71 


(5) Digestion at SO lbs. pressure 

S02 

•1 bonra 


7373 

ti.\ bdiirn 

L. I*. Steam 

I7SS or 


H. 1*. Steam 

3."iSt 

.VilMi',Y, 


7:i73 

100.00% 

Steam per hour 

1131 


If If toil 

337«i 


„ ewt. 

Hit 


Steam per 1 lli. (Jrass 

l.lli lbs. 

(Digesters 


ITiihi^gfil). 

As a coiiipiirisoii it. iiiay Iw slated lltal on a series of aetual 
tests earned out liy llie writer the results w -re, as follows: — 

% 

(n) lly tlu* imlirrri iih*(1mnI of i)ip*stion ihr sfonni con- 
sniiii)tioii p(M^ 11». of jrniss was l.r>2 lbs. by aclual woiglinicnt 
of coiKlonsatf* plus iMpiivalcnt sienna for olcclrioally driven 
auxiliaries. 

(b) liy the Ovffrhrail nielliod of digestion tlie sleain con- 
sninptioii per lb. or grass was 2.2b lbs. by aetual weight of 
digester eontents plus steam for loading, measured by a 
s|»eeial orifiee inserted in the hrani-h steam main to the 
digester. In each eaJie the digesters were unlagged and in 
test (h) the eaiistie liipmr ^vas not pi-ehcate^l. 

In no see.tion of tlie pulp or papermill is the ap]»lieatlon of 
steam carried out in such a drastic inaiiiier as at the digesters. 
Exc*es.sive steam peak loads are the rule, ratlier than the excep- 
tion and although the wean average steam consumption figure, in 
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lbs. per hour, may appear an excellent one the eqniralent coal con- 
aumption at the boiler furnace sufFers much by comparison. 

HODA REVOVEKY ; — ^The waste soda lyes from grass boiling, 
by what is known us the soda process, are evaporated to drypess, 
and the residue calcined in order to recover the soda for re-usei 
Triple and quadruple effect multiple evaporators are employed to 
concentrate tlie w*eak soda lyes to a density of from 50 deg. to 00 
deg. Twaddel, the dual cvaporaitioii and calcination of the residual 
muss Imitig carried out in a rotary roaster. 

The processes which occur in a multiple effect evaporator, both in 
regard to tlie efficiency and the consumption of steam, are some- 
wliat mure complicated tlmn in a single evaporator. 

Ti»e proettSH of evaporutiou is us follows : — 

The steam from the liquor in the first vessel produced by the 
action of the Itot steam wliicdi is supplied externally, passes into 
tlie iieufing cliamlKT of tlie second vessel, tlierc in turn produces 
vapour from tlie liquid, and is condensed, esitaping at tlie tempera- 
tui*e prevailing in the lower ]>art of tlie liquid in that second 
vessel. The weight of liquiit which has lust weight of water by 
evaporation in tlie first vi'ssid, and wliich conseipientiy now weiglts 
less tlian by tlint amount passes at the mean temperature of tlie 
lli*st vess(*l, into tlie. second vessid, in wliicli tlie mean tenijs'ratuii' 
is iiiucli lower. Tliiis, in cooling from ftiiil) to (tm2) it must form 
steam. 

In the second vessel steam is thus evolved both by reason of 
the heat of the liot liquid itself and also because of tiie steam 
coming from the first vessel. In the third vessel steam is pro- 
duced both by tlic iieut of tlie entering liquor and also by reason 
of the heat of the steam whicli is the total steam priKluci'd In the 
second viMwel. In flic fourth vessel a similar action is produced so 
tliat in addition to the re]M>at(‘d action of the hot steam produced 
there is also the repeated action of the steam produced by the 
decrease in temperature of tlie liquor. 

As tlie. consumption of heating sU'am in the first vessel is the 
only steam used from ui\ external source we may proceed to ascer- 
tain this by the following formula: — 

_ W (ti tf) + X (Ti - tl) 

Wliere W = The quantity of liquor introduced. 

ti The temperature of the steam in the steam space of 
the vessel. 
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tf The tcmiierature of the liquor entering the tomnI. 
X - The quantity of water to be cru|H>rated from the 
liquor in the first vessel. 

Ti » Total heal in the steam evolved within the first 
vessel. 

T = Total Inat in tlie stetun as siipidied. 


By siibstilntion of obtained on aetiuil tests at 3,t)00 

gallons of liquor per hour with a eoiieentra1i«m of from 4® Tw, to 
(50® Tw. or an evaporation of 2,K00 gallons t»f water, we have ; — 


:Ut,(HIU (21(1 IKI) +(5, -ISO (1,1(50 210) 

J170 - 2J0 - - 


S,220 lbs. 
steam per 
hour. 


and 2S,000 
8.220 


5MO(5 ilm. water [»er I lit. steam. 


The figuri* of :V4<Ht lbs. water per I II). of steam is in aerord- 
ance with actual practice wlien operating a quadruple effect eva> 
porator under reasonable conditions of efficiency. 

In tlio next place it is desirable to find the evaporative effici- 
ency of each vessel and (he (wreentage of solid matter in each, for 
liquors vaiying in strength both before and after evaimration. 

Exa.mi'i.u: — 3, (MM) gallons of a liqnoi', containing 4 i>cr cent of 
solid matter, ait* evaporated to a strength of 00 iier cent, In a 
quadruple effwd evaporator. 


In order to evaporate 3, (MM) gallons of I'niuor from 4 (ler cent to 
00 per cent strength 

8,000 (1 — = 2,800 gallons, water must be evaporated. 


Vessel 

I evaporates 

28000 

X 

0.21(51 

6050.800 liw. 


H 

(>oriO.*8 

X 

1.123 

- 6795.0-18 „ 

ff 

HI 

0050.8 

X 

1.187 

=: 7182.3996 „ 

1’ 

IV 

moiiH 

X 

1.316 

= 7962.6528 „ 


27990.9004 


Thus the first vessel contains 

4% of solids in 30,000 - 6050.80 == 23949.20 lbs. of solution, 
i.e., in the solution there is 


4 X 30,000 
23849 . 21 ^ 


5.01 per cent of solide. 
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Tlw; Heroiul voksi*! contaiiiH 


4% of KolidH ill 2;UM!).20 <i71>."i.04 I7ir»4.1(i ll>s, of Nolution, 

i.c.j ill tlio KoliiUoii \h 


i X :{0,()<Ki 
nioi.Kj 


0.00 iM*r of solids. 


The thinl vessel eontiiins 

4'!^, of solids ill l7iril.H; - 7ls2.:i0 0071.77 llm. of solution, 

ix,, ill the soliitioii there is 


4 X 00,000 
0071.77 


112.0.0 per rent of solids. 


Tin* fourth vi'ssid roiitoiiis 

4% of solids ill 0071.77 7002.05 - 2000.12 llis. of solution, 

ix., in the solution there is 

4 X .*{0,000 ^ ... 

tiO per cent ol soluls. 

2,000 * 

The snlijei’t of iiiiiltiple etfeet evuporsitors has been dealt with 
perhaps raHier fully, hut. it is felt that this is ileserved, as coii- 
sideralilc s<*<ip<» exists in tliis se<*tioii for tiie enieieiit utilisation of 
low pressure heatinj^ steam on a liaek pressure basis. 


MAt^llINK DKYlNd OF FAIMOK. 

The drying; etfeet in a pa|»er iiiaeliine is prodiietMl by tin* trans- 
fer of heat tlirou,e:h the shell ufl tlie eylindrieal <lryers from the 
heal j^iveii off by the steam within. This heat is transferred to the 
sheet whi«*h is lu hi in eontaet with the extiM’ual surfaee of the 
ej^liuders driving out the moisture in the sheet. Water and air 
must lie eliminated from the eylimlers if maximum <4rn*ieney and 
dryinjj: I’apaiity are to be seeiired, for llio eylindor is naturally 
m<»st etfeet ive wlieu in aetive eireulatioii. The elimination of 
water and air from paper luaehiue eyiinders is, and always has 
la<<*n, a eonstaut problem whieh paper mills have to fare. Tho 
)m>b1em is further eoiiiplieated by the fart that steam must be 
used eeonomieally. 

It has lieen found, by iiinnerous tests, that about three pounds 
of steam are required to dry one pound of paper in actual, prac- 
tiee. The the<*reti<*al quantity imiy he iletermined by the followinp 
formulas : — 


8 


X tT - « ) + ws (tf ^ ti) 
Ti”- tt 
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Where R Lbs. of steam retiiiircd. 

X = Weight of water in lbs. whirli has to be evaporated 
for each ton of air dry paper made. 

W ~ Weight of air-dry cellulose (~ 2,240 lbs). 

6 = Specific heat of air-dry cellulose. 

ti = The initial temiaTatnre of pulp and water running 
on the wire. 

tf -= The final or maximum teiuperatnn* to which the 
])utp is heated on the drying cylindiTs. 

T The tidal heat units I'oiiiaiiUMl in 1 lb. of steam at 
212^. under atmospheric pressure. 

Ti - The tidal heat units contained in 1 lb. of steam at 
the pressure priwailing within the drying cylin- 
ihu's. 


X is as(H*rtatneil hy estimating the watm* in tin* pulp after 
pa.ssing the pr<‘ss roils, ami again after having jiassed over the 
drying cylinders. 


This may b<‘ eab*nlat(Ml as follows: — 


W 


Ml - M 
UN) Ml 


where 


W Lhs. water eva]M»rated per lb. ilriiMl paper. 

Ml J’ereentagi* of iiioistiire. in slicet entering tin* dryers. 
M Pcirentagc of moist iir<! in ilriiMl sln^ol 


As for exainpb* paper entering 2»0 p<T *ent dry i^qiials 7t) per 
cent moistuiv. J'aper leaving eipials 0 per <*ent moisture, liy 
substitution we have: — 


70 - i\ 
100 - 70 


2.14 lbs. water* evaporated per lb. paper. 


By siibstitiitioii of figures obiaiiied on actual tests we have:- 

5,220 (1,150 -- 5)0) + 2.240 x 0.55 (200 5)0) 

1,100 - 2CK) 


5,871 lbs. 


The aetnal steam eoiisninfdioii per Ih. of pafier obtained on 
an actual test as conditions above was lbs. as coin[»ared wdth 
the 2.021 lbs. by calculation or an eflieieiK^y of 83 per cent winch 
is a reasonable tignre for shnv ruiiniiig machines. The balance of 
17 per cent represents loss of beat by radiation, moisture In .steam, 
etc. 
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SUMMARY Industrial power plant engineering offers a 
splendid opiM>rtuni4y for an intensive study of operating conditions 
and their ai»pli(‘atiou towards the most iconomical range for power 
and heat development. Eacli individual plant is a problem in 
itself the sedution of wliich calls for a careful survey and analysis 
of the various factors conc<'rne<l. The writer has made copious 
notes of intdlasls applicable to the particular plant under review 
and the results obiiiiued. These do not come within the province 
of this article, lait wiii ist dealt with on another occasion. In any 
w'cll laid-out plant it is essential to have, as far as possible, a 
balance between expenditure and cu[ntaliMNl economies as second 
only in impintance to ivaliability of operation. With a plant in 
ofK‘rntion lM hours daily, maintenance liabilities are greatly in- 
cw'ased but in such csises an excellent load factor is usually a suffi- 
cient inducement to a higb efficiency standard being, at least 
attemptiNl. In every instaiue a factor »>f primary importance is 
EFFICIENT UONTKOL OF THE D. T. U. 
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Plate No. 1. 

Diagram showing heat losses in steam power plant of a Paper Mill, 
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Plate No. 2. 


Diagram showing heat balance for separate heating and power boilers 

in a Paper Mill. 
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Plate No. 3. 

Diagram showing combined power and heating costs in a Paper Mill. 


Costs 
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Diagram showing process steam consumption in the digestion of raw fibres in a Paper Mill 
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Plate No. 5. 

Diagram showing heat and liquor flow in a quadruple effect evaporator 

in a Paper Mill. 



nsNSQNos ^ 
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Plate No. 7. 


Diagram showing heat flow in a combined power and heating system 

in a Paper Mill. 









DISCUSSION ON 

THE B. T. U. IN AN INDIAN PAPER MILL 


K. J. 
;ht?n. 


. F. 0. 
nple. 


. B. 
ilfcnden, 


Mu. E. J. Jl(KjisHN tiai<l tlurl La wuti very grateful to Mr. 
Iteattie for providing aueli an interesting ]m{)er. It containe<l 
inueli UHeful data on tlie working of a plant under the everyday 
conditions of a< paper initl, wliei'ein tlte eonditionu wera }»erl)ap8 
unique. With eonslaiit iKiiler and <‘ondenser pressui’es, yet with 
preHUinalily great variatJons in geiienilor 'load, and with still 
greater variations in the demand for process steam, he should like 
to know how Mr. Iteattie managed to control the steam sufqily. 
lie visualised everything riiiiiiijig siiitiolhly when |)erkupK there ^vas 
a sudden hig quantity of steam “passed out" of tlie turbine for 
process work. He iiuiuiml wliether Mr. Iteattie had whig i-eady 
i-eserve of boiler steam, whether all the jinicess steam was latssed 
tlirouglj tlie turlune or whether peak pris'ess loads Avero made up 
direct from the boilers, and whether he found any difficulties in 
governing tlie system. If .so, he would like .Mr. Iteattie to indicate 
their natiiit* and how they wein overcome. 

t'oi.. li’. (\ Tb.mi'i.k asked foi* further information regard- 
ing the precise track of the steam tlirongli the plant : whether it 
was eoriccl tliat tin* steam which passed lliroiigh tlie turliine, went 
to the ismdensers, or whether it performed any heating work on the 
way. 


Mr. It. Woi.rKsi»B.N congratulaled Mr. Iteattie on his very 
ralnahle and interesting ptijier and said that it was the ty|ie of 
{Riper he should like to see more fminently contributed to the 
Institution. He noticedjrora tlie curves the veiy large flnetua- 
tibns in the rate of eonsumption of steam in the process work and 
also the viirintion in the total consumption per hour and inquired 
whether the use of a steam acimmulator would not add greatly to 
the efficiency of the plant. He added that tliere seemed to be a very 
large percentage of oxygen in the Fine Gases and it appeared as if 
there was too mnch air going through the fumorces. ^ wished 
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to know if Tegular testa of the Flue Gaaea were made ao iw to aee vr. b. 
thiit only the right proportion of air wna admitted. w«rtiwd« 

PaoK. P. W. BHAurijiir. in reply to a «)U<>Btion of the Chairmiui prof. f. 
regarding the uae of low grade coal, wrid that the ipieRt.kni of the *h*'>**w. 
relative heating efficiency of rarioua grodea of <-(hiI with regard to 
their coat waa one rather outaide Ida province lint, with the per- 
niiaaion of the Clinirman lie alionld lie pleawKl to refer the matter to 
hia colleague at Dhanbad, Prof. C. PorrestiT, wlio had <lone » laigo 
amount of a*urk on I ndian coala ami who wan particularly in* 
tereateil in this matter and in the nei'CNKity for the uae of correct 
inethmla of aampling, a matter which waa alao toncb<Hl U|ion in the 
paper. He tvonhl aak Prof. Forreater to anhmit a comm ti ideation, 
iteferring to the paiK*r in gmieral and to the (lOKRihility of genera- 
ting cliea]i power in indnatrieK with r(‘<|niremenlN different from 
those of paper mills. Prof. Sharpley said that it might la* of inteivst ^ 
if he {Mdiited out that in colliery working it was not an nneom- 
inon practice to drive the a’inder, and someliines nlso the ventiint- 
iiig fan, direet liy naans of medium pressini* reeipi-ocating steam 
engines exliansting to an “exiianst’’ or “inixed-pressnre” tnrlsi- 
alternator witli eondeiis«>r. That method eindded full mlvuntnge 
to be taken of tiie heat contained in the stenni before midensing 
and the eost of electrieal power so generated was very low. The 
interesting fealnre was that in spite of tlie fai't tlial the winding 
engine only worked iiiterndtlently a eonsfant supply of low 
pressure steam could he arrangtal for the Inrls) generator by the 
nse of steam rei^eivers or accnmnlators. Even in tlie event of the 
winding engine tieing out of use for an ahnormaliy long period a 
mixed-pressare turbine did not stop, for tia* automutie, operation 
of tlie high pressure steam valve on it alioN\'‘d steam at full Isiiler 
pressure to be siipjilied diiwt to the tiirldne nnlil sneh time as thw 
winder was again working at iiorinul intervals. Thus a steady 
source of electrical jiower was available even though the direct 
steam load was a variable one. * 


PmiF. 0. FouitF:s'iTni remarked that he Inwl n*nd with mneh in* 
’terest Mr. Beattie’s paper. Ife had for some years interested 
himself in the coals of India and in parficnlur those of the Jbaria 
and Raniganj coalfields. Mr. Beattie rightly stresMsl the im- 
portance of using the proiier standard metluNls of sampling coal " 
and that was of {larticnlar importance in India where the quality 
olf a seam of coal and, therefore, of large individnarl lumps, 
despatched as steam coal, might vary from foot to foot ahd evim , 
within a few inches. He had sampled many seams from roof to 
floor and could quote instamies where the ash percentage in a seam 
varied front as little as 8^' to as much as 25%, and 3 ret Uie whole 
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Heain liad an avmi^e a«]i content of only about 11%. lie was 
particularly interested in Mr. Deattie^s statement, borne out by 
fjtcts, that steam nists were very detinltely in fjivour of the loWer 
fi^rade fuels. The f(»llowin^ facts ini^ht add point to his statement. 
The table i^iven below would show the actual number of heat units 
obtained for one anna, when fMirclursin^ Indian <‘oalH of different 
qualities. The prices on which the results were calculated were 
those veil in the 111*12 e<lit ion of ‘^Indian (^>al Statistics, 
published by the Governiiient of India. The technical data relatinjij 
to ash jiercenta^eH and calorific, values, by means of which the 
number of heat units per anna Inul been calculated, wei*e 
obtained by hiniseir from an exairiimvtion of the analysis of about 
25 specimens of ea<*li tyfie of <*oa*l. The table w'ould show the 
number of beat units obtainable for one anna at the pithead and 
also the heat units obtained at destination about 170 miles aw^ay, 
tlie distamr from dliaria to llowrali. Tf the ealeulations were 
made in respf*et of the sliort<*r distance from the Knnf^amj field to 
Howrah the advaiitapfc in favour of low ^rade coals would be still 
more mark(‘d. The (lOveiTimeiit fuiblication above referred to, 
however, did not quote prices for low ^rade “Uanipmj” or ^‘Hijrli 
Volatile” coals. The yuices yjivcii therein top:ether with the frei,<;ht 
from cither <‘oalticl(l to llow'rah. w'ere considerably hi^^her 
than Ks. (I per ton quoted by Mr. Beattie. rresiimaWy, therefore, 
the low p’ade fuels w'itli whicli Mr. Beattie carried out bis tests wwe 
obtaiiialde at a v<*ry low* cost indeed. It would be interestin.^ to 
enter in the table below* the data in res|)jiH*l of Mr. Beattie’s sample 
also. Mr, Beattie ;fave the (Calorific Value as 11,000 B.Tb.l\ 
That was miicb low*er than the (^ilorific Value of any of the coais 
pven in the table below*. On referrinjr to Mr. Beattie’s first table 
he saw that there w*ere 4 specimens liaviny:: a (*.V. below* 11,000 
B.Th.r. or those, two were obviously Kaiiiyraiij bijjb volatile coals 
with lii^b moist iiix* content and tw*o were low volatih* coals but 
wdtlii a very hifjb ])ern»iita^e of ash. 



COAL. 

B.Th.U. per anna aa 
received. 

170 miles from 
At source, source (freight 
Rs. 4 per ton). 

DI8HER6ARH. 

Avornge, 12*5% ash, 2-78% 
moisture, C. V. 12,700 B. 
Th. U. 

376,500 

197,000 

DO. 

ash, 2*78% moisture.; 

0. V. 12,400 B. Th. IT. 

379,000 

201,000 
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B >BI. IT Prut. 0. 

B. Th. U. per aona aa Pornoter. 
received. 



COAL. 

At source. 

; 170 miles from 
source (freight 
Rs. 4 per ton. ) 

JHARIA. { 

Selected Grade.: 

1 

13% ash (max. permis- 
sible), C. V. 13,260 R. 
Th. U. 1 

463.900 

237,000 

Do. 

12*5% Jisli (f<ir t'oiiiparisoii 
with Dishorgarh coal), 
C. V. 13,380 B. Th. V. 

466,000 

2:18,000 

Do. 

11% ash (fur comparison 
with Dishergarh coal), 
C, V. 13,5.j 0 h. Th. V. 

476,000 

242,600 

JHARIA. 

Grade 1. 

lo% jihh (max. periiiis- 
siMo), (\ V. 12,iri0 B. 
Th. II. 

li.W.OOO 

249,000 

JHARIA. 

Grade 11. 

18% ash (max. pennis- 
siblo), C. V. 12,480 B. 
Th. IT. 

H73,000 

291,000 


The udvaiitagc in favour of the low giailc fuel wjih not no 
Ktrikin^ at the distance rhoKeii for fin iTaainent. In all eases* 
however, there must be some internuHliale anee from wliieh it 
would still pay to i)urdiaHe low ^rade coals, even allowing for 
greater losses in ashes and clinkers, lie did not quite agree with 

Mr. Beattie when he made the following staten)ent:— 

• 

the Hiiialler grades of coal (uii1(‘mh they arc n'eii 

washed) hare naturally a lower calorific value owing to 
the higher percentage of foreign inatfor they contain.” 

That statement was true generally of JlritiKli coals hut he h<ul 
found, and many mining engim^eix in India weie also familiar with 
the fact, that the smaller grades of Indian coals fat least (»f dharia 
coals) were of better quality than the run-of-mine ctml, except in 
cases of machine-mined coal where the machine had l)een cutting 
in the floor. Indian coals in both the dbaria mid Raniganj fields 
contained many bands of bright coal which was very friable. In 
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the conrHii of mining and linnging to the Hiirface these broke up and 
remained with the Kinail eoal. The ash eonteut in the bright coal 
wan of the order of •>%, aa <!oinpared witli the usual ash content of 
12% to 10% in riin-of inine coal. The difference in ash content of 
the various si^es varied but was usually as much as or 3*5%, i.e., 
riiii'of-mine coal having about 12% of ash w<iuld fieqiieiitly give a 
slack containing only about 9% of ash. He did not suggest, of 
<Mmrse, that that was always so, but he had the rwords of many 
Hiialyses made by himself and knew of sitnibir rm>rds that were 
mairitaine<] at colliery laboratories in tlie held. 

Mh. J. PuArr said that all industrial engineers should be 
greatly indebted to Mr. Jleattie for his interesting and valuable 
pa|M?r wliere he was able to show tliat even with ordinary boiler 
elHeiencies ranging from tM% to 72%, an overall thermal elficiency 
for |M>wer of 27*2% could be obtained, a result wbieli he stated eom- 
I»a*ml favouruhly with tlio best super power stations. The paper 
would Im» of gn‘at<M* value however if it could l)e sluiwii what plant 
renovations were carried out to obtain the results shown on Page* 72 
as ifresumably the figures shown iiinler Stage 3 were not only aimed 
at but actually n‘alised. Stage 1 apiaireiitly re[ueseiite(l a period 
when an (»bl prime mover was in use but Stages 2 and 3 related to 
the working of the same turbine, the only dlifereiiec being that in 
Stage 3 the loail was increased from l,ssn K.W, to 2,03b K.W. while 
slightly more proeess steam at 30 lbs. was bled from the turbine 
and the iiidependeiit supply «if proeess steam at SO lbs. was approxi- 
mately halved. The ecoiioiny elfeeted by substituting a new^ turbine 
for the prime mover mentioned in Stage 1 and at the same time in- 
cmisiiig the boiler pressure, the fetMl water teiuiierature and the 
Hiiperheat could be understood espeewilly as an arrangement to 
bleed steam at. 30 lbs. from the new' turbine was included but it 
would be of great advantage to aril industrial engineers to know 
what changes Avere effected between Stages 2 and 3 to produce a 
yearly saving of t;,5fH) tons of emil with an all i*ound increase in 
efficiency and a slight increase in the ijow'er load, and with the 
pa|MT output of the Mill as it was in Stage 2. On imge 68 the 
author confessed to a feeling of depression wiieii he considered the 
efficiency of his boilers but no engineer need feel discouraged 
if he could produce i-esults such as weiw show'n on page 72. 
The author stated on page 68 that ' 'Steam generating costs 
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were very delinitely in favour of the hiwer urade fuels.” This Mr. J. 
U’ppeared to he an uiiorthortox view hut If it was correet it was 
that roal of even lower p-ades was not used than those 
iiefe?-re<l to on jmj^e (io where the values raiijjed from 10,510 to 12,800 
It. T. V. It was uniieeessary to add that, these* ohservtrtions were 
made solely to he <|iiite clear ahoiit the methods atlopted hy Mr. 

Iteattie so that other en^iiKAcis mi^ht copy his example :nid try to 
obtain similar economical results. 

Tni-: Ai Ti.um, in reply to Mr. l!o«»:he]rs remarks, sa’hl that the«i*he Authoi 
plant operating (‘oiulitions in a* paper mill Avere perhaps of more 
than ordinary interest, in this instance the power load remained 
reasoiiahly steady throughout the 21 hours, without anythinii; in 
the nature of serious peaks oc«*urrin;»: subject to the usual momeii 
tary rise when startin;; heavy motors. The pwerninji: on the poAver 
side Avas therelore a normal procedure. The particular featiiie of 
the nov(*rmn* j*ear for an e\tra'« tion turbine lonsisied in tlif luovi 
sioii of additional controiliu}*' valves re^ulatiii}; the admission of 
steam to the lower staj;es of the turbine. These low pressure con 
trolling valves were operated by a* servomotor and cam gear, 
generally similar to that employed for the high pressure valves, 
tin* oil id’ the low pressure servo-motor being regulated by a sepa 
ratt* |iilot valv«' under the control of a pressure regulator. The fuuc 
(ion ol tliai rigulator, which was coiim*<ded to the healing steam 
chamlier, was to cause the loAV pressure controlling va'Ives ((» o|u*n 
if the heating st(*am |iressure should riM* altove the. ilesired ligiire, 
and tr) close tin* low ]»ressure control vahes u tlie lH*ating steam 
pressure should fall. The aHion of the low pressure control valves 
being liable to cause iluct nations in speed, Avhich Avould lead to 
ditfif ullies in parallel operation If not guarded against, the high 
pressure and Ioav pressure valv<* gears were connected to eaidi otlnr 
and to Hie speed governor and pressure regulator in such a manner 
that if the low iu*essure valves should close in resp«uise to a drop 
in heating steam pressure caused by a demand for heating steam, 
the liigh pressure I'ontrol valves would open to an extent suflicient 
to supply the re<|uired additional heating ste^nn, and to do the 
additional work on the first stage w'heel to comiiensatc for the loss 
extracted energy from the Ioav pressure stagi*s. Similarly, 
should the demand for heating steam decrease, causing 
a rise in heating steam pressure, the conseipient open- 
ing of the low pressure centred valves would |je accompanied 
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I Author. ctorreKpoinliiig cloNing of the high preMHure tfoiitml valves. In 
this way, the speed governor w'as not affected hy variations of de^ 
inarnd for heating Kteum, and parallel operation conld be satisfae- 
torily (tarried out. In th<* event of changes in load, the high 
preKsiiiHj and low pressure control valves moved in the 
same directum, (liiis tending to nnrintain a ('(mstamy of 
l»ressniv at. tin* heating steam (nitlet. It was when dealing 
with the c(»nlrol of steam demand for the mill that the 
prolihMii assert(Ml itsidf. Very lu^avy steam peaks of^trom 
iiO minutes to one hour’s duration were a common feature, and 
these demands had to he met witlxuit a corresponding steam pres- 
sure drop it* economy of operation Avas to he maintuiued. 
Tlu‘ average (|uantity of process sh^nu, at 30 lbs, gsruge, 
extracted from the turbine was something like 17,500 lb. per hour 
with an average power lojul of 1,SS0 kw. As the turbine was 
desigui^d for a maxiiiiuiii extraction of 35,000 Ih. at 3,.500 kw., or 
full load, it would he sei^i that there was an ample margin avail- 
able to dt^al with very heavy i^eak loirds in the extraction section of 
the steam belt. On the other hand, the greatest variations in 
process steam demand took place art the higher pressure of 80 lbs, 
gauge, and had to Ik* met by the boilers direct via steam pressure 
reducing valves. Here agjiin they were fortunate, in that the 
lM)llers had a liberal rating, which permitted of heavy peak loads 
Isuiig met by an increase in the speed of the chain grntes and 
damiMU* control, the (rapacity of the chimney on induced draught 
being much ginater than for present r(M]uirem(Mits. 


Dealing with (N)l. IVmphr’s reuiarks and his question I'egardiiig 
the piwise track of the steam through the plant the author said 
that there was much in his reply to Mr. Iloghen that was apposite 
to (’iol. 'IVinple's ijiqniry. He would also add tliat the mill used 
steam in two seimrate systems aud generated its steam in a 
common boiler plant,, the evaporation of 63,100 lbs. per hour 
taking place at 200 lb. gauge, and the steam waa superheated to 
250 degs.r, 67*5 per cent or H.ilOO lbs. was fed to i»roces8 depart- 
mernts, as follows :— 23,300 lbs. through a reducing valve the 
pressure on process side being 80 lb. gauge, and 18,600 lbs. 
exiHiudiug steam through a 2,500 kw exti'action turbo-alternator 
set, the pivssiire at extraction point being 30 lb. gauge. 32 5 per 
cent or 20,200 lbs. went to the condenser w|th a terminal 
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pressure of 27*5 in. vm uum ; the full load steam consumption was Th« AuUm 
l$l Ih. per kw and the normal load on the set was LS80 kw. The 
condensate w^is returned to the boilers and the temi)erature of the 
boiler feed was raised to 1(52 dejrs. E., by means «>f returns from 
process, etc. The total heat of steam at 2h0 lb. pin^e. t»lus 250 
degs. F. superheat equalbnl l,:t:M ll.Tli.T. aini llu^ total heat iiiiait 
per lb. eiiualled 1,204 ILTli.V. The total heat input per hour with 
boiler etUcieiicy of 72 per cent was therefore 02,100x 1,201/0 72 or 
103-85x10® ILlMi.r. per hour. 


With r(‘^ard to Mr. W<dfeudeirs remarks the aMitlmr said that 
his reference to the very lar*j:e tiuctuatious in the rate 
of c<»iisuinptiou of ])rocess .steam and the possibilities of a 
steam aeeiiinulator adding' to the ellicieiicy of the plant was nitich 
to the point. The installation of an aceiiinulator of suflieietit 
cai»acity to deal with the greatest lluetuations in proa»ss steam 
demand, ami to “bridj^e'' the periods necessary to the boiler plant 
beint; adjusted t(» meet the altered load ecmditions would certainly 
tend to incretise the general ellicieiicy of the plant. The use of a 
double pass'out turbine wmild also help matters as the power Imid 
was (iraciically constant, and if the extra steam mpiired to meet 
pr(»cess peak conditions were extracted from the high pressiin* 
stage of the turbine it would lessen the demand on the boiler, as 
f!very kuh produced nmler bai'k pressure working conditions 
saved a kwh to be generated under condensing conditions, due 
allowaiKt^ being iiurde for the difTeretice in sieaiu consumption {ter 
kwh at the corre.sponding iioiuts in the heat gradient. Perluriis 
the simplest solution of the <liiricuity was to preheat the liquids 
used ill the process departments, by the use of hy iwoduct exhaust 
steam, preferably art or near atmospheric pressure, as by far the 
greater percentage of [teak loads in heating steam systems were 
incurred in the initial heating of comparatively cool liquids to the 
tempe.nrtures suitable to process requirements. The question of 
excess air passing through the fuel bed was one that w'us much in 
evidence in most boiler houses and in the absence of permanent 
instruments, as an aid to combustion control, it was difficult to 
ardequately check all avoidable losses. A wdde range of Imiler house 
fustruments was now available and one might hope that the day 
was not far distant when their application w'ould become standard 
practice, even on individual boiler units. 



Author. 


M THE INRTITHTION OP ENGINEERS (INDIA). 

Denliiii; with Prof«Hwir SharpleyV remarks on the possibility 
of {irneruting cheap power iu other industries the author 
saifl that they were very luucli on a par with his 
own experience on plniits of a siraihir description. The 
Hiithor citedt thn>e instaut'es, vis. (1) iu -an explo* 
sivt'M factory, wliei^i* liigli K|K*ed coiu|M)niid engines driving 
1>,<^ generators exlia listed direct into a mixed pressure 
turlHi geiierator w't : C!) in a steel works, where rolling mill 
engines exhuiisted to a mixed piessura turbo-alternator set, via a 
steam accumulator to “bridge” over the intermittent periods 
unavoidable in the o|K)ration of rolling mills; (3) in a small colliery 
wtieie iiigli s[ieed cotiiponnd engines running non-condensing and 
driving D.O. (generut<irs were replaced by a mixed pressure 
geared turbo) generator s(‘t. supplunl with exhaust steam from the 
colliery winders, ventilating fan, and cotrl wasiiery plant, via an 
acciiinnhi'tor couiimiwhI of old Ijannislifre boilers. Prior to the 
installation of the mixed pressure turla) set three Lancashire 
Isdlers, liivd with the usual “dnlf” from the watshery and a per- 
centage of screened nuts— grudgingly given— were steaming hard 
on the power plant, with sometimes the fourth boiler brought into 
service. When the new jilant was jint into commission it was 
found that one Lancashire boiler was suflicient to steam the power 
unit, with a second boiler on banked lii'es as a standby. In a 
moilern colliery and brickworks with mixeil pressure turbo-alterna- 
tor sets o|K‘fating under similar conditions excellent results 
were also olitained. , 

The author much uiipreciated Professor Forrester’s remarks 
which, he said; a<lde<l (xmsiderably to his ■ knowledge of a 
raw material, the cost of which wms an important item 
in the production of imfier. For instance, in the plant 
under review the annual <* 00 ! consumption was something 
like 7o/8d,IHH) tons, and taking the latter figure as a 
basis, a saviug of only* one per cent meant 800 tons per annum.; 
Now even 800 tons coal per annum could be a fairly useful contii-. 
bution to » reduction in costs of production and if this could be 
inmvosed fire times — or, say, 5 per cent of the total — the savings;, 
would liecome 4,000 tons, a figure which was an excellent indnee* 
ment to increased efficiency. By a suitable selection of fuels, aii; 
industrial boiler planl^ operatiiig at, say, TO/72 per cent ^Bdent^ 
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offered the possibilitj of realising that extra 5 per cent and Itfl 
obviona adrantagra vithout incurring added liabilitiea in the 
form of increased maintenance cbaigea. The author was glad to 
note that the data submitted by Prof. Fori'ester supported bis own 
experience of the advantage in using a selection of the lower grade 
coals or economy in steam raising. This wats coutirmed by the 
addition to Mr. Forrester's table of certain coals used by the 
author on a series of tests, tlie railhead being Ondal Junction, and 
the distance to Titaghur, 109 miles. 



COAL. 

1 B.Th.U. per anna at 

' received. 

1 170 miles from 
At source { source (freight 
Rs. 4 per ton). 

DIRHER6ARH. 

Average, 12 5% nhli, 2*78% 
moisture, 0. V. 12,700 B. 
Th. IT, 

1 370,fi00 

1 

197,000 

DO. 

11% ash, 2‘78 iiioisturv, 
C. V. 12,400 B. Th. U. 

379,000 

201,000 

JHAHIA. 

Selected Grade. 

13% ash, (max. perm is- 
sibloj, C, V. J3,200 B. 
Th. U. 

463,900 

237,000 

Do. 1 

! 

1 

12*5% ash, (fur comparison i 
with Dishergarh coal), 1 
C. V. 13,380 B. Th. U. ] 

466,000 

i 

1 238,000 

i 

Do. 

11% ash, (for comparison 
arith Dishergaih coal), 
C. V. 13,650 B. Th. U. 

476,000 

1 242,600 

JHARIA. 

Grade I. 

15% ash, (max. permissible)! 
0. V. 12,900 B. Th. U. i 

1 557,000 

1 

1 

249,000 

JHARIA. 

Grade U. 

18% aah, (max. permissible) j 
C. V. 12,480 B. Th. U. j 

873,000 

i 

291,000 



\ 

__ 
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Author. 


COAL. 


At source. 


109 miles from 
source (freight 





|Rs. 3-7 pm tqn^: 

'GANJ. 

1 90*71% asli, 0*05 moisture 
, C. V. 10,621 B. Th. U. 

580,269 

847, 8SS 

DO. 

, 24*39% ash, 4‘46 iiioihturo 

I C. V. 10,710 B. Th. U. 

585,449 

SS0,04O 

DO. 

1 15*0H% ash, 7*51 moisture | 

1 C. V. 11,223 B. Th. U. j 

613,159 

261,870 

DO. 

12*20% ush, 10*2^1 moisture 
C. V. 11,458 B. Th. U. 

625,998 

267,363 

DO. 

15*40% ash, 8*^3 moisture, 

0. V. 11,639 B. Th. U. 

635,887 

271,676 

DO. 

1 1*82% iish, O’/WJ moisture, 

C. V. 12,0*52 B. Th. U. 

658,451 

281,213 

DO. 

14*41% ash, 4*10 niojsiiirc, 

0. V. 12,517 B. Th. U. 

683,855 

292,063 

1 


Tin* anihoi' ntropItMl Pj'of. KoiwKter’H view re^jjaniini; tbe 
{■iilorilir viilne of the Muaillor gnideu of (loul, parlicnlarly in India, 
iiH Ilia v(‘r,v wide ex|H‘rieiiee in tlie {'rudiui; and aaiupling of eoala 
conaiihittMl liiiii sni aiitliority on ibe Hiibjeet. 

In dealiiig witli Mr. rniltV n'lnurka tbe uutbor first of all 
ivferitHl to Hteain gi'iieration eoats in relation to tbe loa’er grade 
fneia. That mucIi eoHta were definitely in favour of tbia daaa of 
fuel u'ltH proved in aetnal practice on tbe plant under review, al> 
tbougk at tlrat sigbt this might mk'iu an unorthodox view. It wae 
lurgtdy n matter of jndiciouH mixing or Idending of the grades 
avaibible imd tbe all imjiortant (piestiou of price. It also did not 
follow that tbe very lou’eat grade coala, of tbemaelves, would nudn- 
tain the economic ratio. 

Keferring to page 73 of tbe paiwr, Stage 1 did represent a 
iwriod when an tdd prime mover was in use, and Stages 3 and 3 
referriMi to the o])ertition of a new turbine, i.e. a 2,500 K.W. sini^e 
sfige extraction unit. 

In obtaining a saving of 6,500 tons of coal per annum various 
impnwements contributed to this result. For instance, an imptov* 
ed boiler efficiency of 3 per cent was equivalent to saving 
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of 1,043 tons,* an incmme of 2’95 per cent in turbine pasa-outTh* auOm 
steam for process use, to a .rearlj saving of 1,02S tons, while the 
balance of 4,450 tons was due to improved methods of heat economy 
in the steam using plant of the pi'oei'ss depuiimeiits and 
represented sometiuug like 0.5 ton per hour. The 

problem was simply how to make the fullest use of the 
latent heat of the steam supply to the pundy heat-using 
machines. Steam using equipment in a im|)er mill was very exten- 
sive and there w'as a wide field for the introdiu'tioii of economies, 
particularly in local iMick-pn'ssure operation and heat recovery os 
applicable to the paiHM* mn'king machine, an e.\uniple of which 
was given on {tage 73 of the pa]n>r under the holding of PruiTss 
Steam Uses. The same applied to steam used for the digester 
department, but the suiiject was miily too extensive to bo dealt 
with here and he should be glad to give fuller details on another 
occasion. 



TEMPERATURE STRESSES IN 
REINFORCED BRICKWORK 

AND 

THE FAILURE OF REINFORCED 
BRICKWORK ROOFS 

BY 

Professor RAJA RAM, Associate Member, 
and 

Mr. AN AND SAROOP. 


Ill tlii‘ iU'Ki}(n of IteiufomMl Itriok Kool Khilw iiHiiully (he i>-aiuc 
aiHHUiuptioiiH iiM‘ uimlc im thow* in tho cum; of Koinforcetl Coiirrefo 
Klulm; only the valuen of couHtunts uiM‘d in the former differ from 
thoise used in the ease of tiic latter. 

The assumiitioiiH usually made are 

(1) A plane section befoi^e Imidiug remains pltme after 

bending. 

(2) Tension is entirely liorue by steel. 

(3) Initial sti'csses in steel are absent. 

A 

(4) The composite material is homogeneous within elastic 

limits. 

(5) Adhesion between concrete and Steel is perlfect within 

elastic limits as aviso the adhesion between the com- 
ponent materials of the concrete 

and (0) Oo-eflicieuts of exjiansiou of steel, concrete send bricks 
are very nearly equal. 

The values of constants used generally in l^e design 
of reinforced concrete and rdnforced brickwork are givmi 
on next i)age. 
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OoDftaiita 


Working Taluei for j 
reinforced oonerete. j 

mix. 


Working valnee for reinforced 
brickwork. 


Value* Biven by 
Brebner. 


Values obtained 
experimentally by 
Prof, dallg Bam vide 
Indian Engineering 
of J 


Js 


;l(i 00 ()- 180 () 01 b./ina 


20,00Dlb./in= 


‘Usually 650tb./in< '300-3601b./in* for Same os Brebner’* 

! ' slabs 

; 000-1000 Ibs./iiiS* ac-; 

ooniiug to ilic mix-|2o0 Ibs./in^ for 

ituro of coiiorote used' beams 


Eg 

Ec 

15 

40 

80 for Roorkee 
bricks. 

bund { 

80-1 20lbs./ ilia 

»0-90lbM./ii|3 


Tons! Ip strpiigib 
of comTpte, 

1 /lOili of its cotii- 
pressivt! sireiigtb. 

• 


Shear 

1 

Diagonal tension i 

GO 1 

Usually 401bs./iiia: 

(i0lbs./in» 

: 40lbM./in> 

•# 

Co-eiiieient of ! 

expansion for i 

steel 1 

] 

O.ikKlOOori jier 

1 degrm' F 



j 

Co-4*fiicient of j 

GXpan.sioii for ! 

concrete | 

1 

1 do. 



Modulus of e1a.sti- 
city for bricks 

! 

.‘17«)(X)lbs./in* 

» ' 

1 .'irriOOOlln./in* 

Eg 

Ec 

.T 0 xl 0 *lbs./ina 

2,000,0001bs./ina 

2,000,0001bs./in* 



On png^ 29 of Technical Paper No. 3&— Notew on Reinforced 
Brickwork Volmne I by A. Brebner it is stated that “Tempera- 
ture stresses may be neglected in the construction of all ordinary 
structures. The matter has not yet been fully iuvestigated, but 
practice ebows that the stresses in ordinary work are generally 
insignificant, provided ‘slabs of. a suitable depth are chosen having 
regard to the span.’’ It i§ thus evident that this item has been 
nninvestigated engineers so far. 



ioS TITE INgfiftlTIOir OP ENOIlrtSEilg (itlBU), V, 

'At cradct have appeared several yean afteP (li^'*"doSkBl^de< : . 
tJon in the Reinforced Brick roof .alabB of buildings erected . at 
Patna, BeuarcH Hindu Univeriiity, Delhi and in Central ProYincesi - ; 
it is desirable to investigate the {Mmsible causes of these cracks* 
and consequent partial failure. 

At the outset it must Ite recognistHl that the adhesion amoQgst 
Brick, Concrete and Hteel in R. It. u’ork cannot lie as good as in 
Rcinforml Concrete, for there is very little in Reinforced Brick- 
work, to exitetly (xirraspond to the shrinkage in the setting of the 
concrete around sUtel in Reinforced (k>ncrt‘te. Similarly, the bond 
lietween bricks and ceiiient mortar or cement concrete in the joints 
of Reinforced Brickw(»rk cannot be evidently quite as good and 
strong, us in tlie cjis«! of t^ineiit coiici’ete of Reiufor<«d Concrete 
work. 

One of the obvious cuus(‘s of failure of Reinforced Brickwork 
may lie in the differtMice between the co-ellicients of expansion of 
steel, brick and cement coiK’rete. The authors of this paper 
themfore decided to determine correctly va'lues of co-eIBcients of 
exi)|iH||jion for 1 : 3 (well set, 3 to (> months old) cement moi'tar, 
hnn^^ind bricks and Hl(!el commonly used for Relnfoi'ved Brick- 
work in India. With this end in view'> the experiments described 
ill the apiM'udix to this pn]ier W'ere undertaken. 

The burnt mud bricks used were specially selected well burnt 
first class bricks 17 7/10" x 5" *2 4/5" though they were intended 
to be 18" X 5" X 3", The cement concw'te bricks were 18 9/10" x 
5 4/^ x3 4/lU" and the ratio of I'ement to sand in them was 1 to 
3. The sand used was the Delira Dun Kispaua coarse sand and 
the cement w’as a w'ell-known British Brand of Portland Cement. . 

.. The ranges of temfierirture selected fur .the experiments w^ . 
(1) 30*C--8'0 (2) 30-C— OO’O and (3) 30’O— 80®C or in degrees 
^renheit (1) 8C’— 46.VP (2) 86‘— 140'F and (3) 86*— 17C®P. : 
^ *ii%e main reason for selecting these ranges was that the probable 
' extreme figures for maxiuium and minimum ranges of tempt^ 
ture at various plaies corresponded to them. " 

At the request of one of. the authors, ^ Director-Qeneral of 
Meteorological Observatory, Poona, teiy kindly supplied the fot-.,/ 
. lowing mean extreme figures. 
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VBmpemture. 

Maxinram in the Sun. 

TNunentofe. 
mnimum in the open. 

l>elhi 

159“F , 

39“F 

Lucknow 

KKFP 

36“F 

Lahore 

1C6“F 

32“F 

Kagpur 

167“F 

40“F 

Patna 

146“P 

46"P 

Benares 

... 102“F 

37“F 


The co-eSicientR of expaiiRion fur the Hp(><;iivlly aelef'ted well 
burnt mud brick, 1 ;3 cenieiit mortar brick, and Hteel were experi- 
mentally found to tie ae fotlowu : — 


Range. Oo-efltcienWf 
expansion. 


Well Bnmt Specially Selected 

Mud Brick 8°— 34“ 

and 34“— «5“<^ 


O.OOOOOKl per degree 
Fabrenhei 


Cement Concrete brick of 1 :3 

cement & sand pro{)ortion 22“ — 76“C 


0.00000ri6 per degree 
Fahrenheit. 


Round Iron birr (Tata’s) 20“-i«C'C 0.000006 per degree 

Fahrenheit. 


From the figures given above it is evident that the different 
between the values of the co efficients of expansion of spedi|||y 

selected brick, and cement and sand mortaraO.0000027 

' * 

Bpetfially selected brick and steel— 0.000028 per degree F 

Cement and sand mortar, mid steel -0.0000004 per degree F 

Thmfore expansioa of Boorkee brick is 48.2 per cent or 
greater tban that of cement mortar brick* 
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From the above table it is evident that an additional maxi- 
mum tensile sti’ess of 60.75 to 135.675 Ibs/in^ due to variations 
of tempera turcHS may be produeed in the 1 km ly of the Belnforeed 
Brickwork betwec^ii burnt bricks, and eeineut and sand mortar. 
Tins alone would warrant the failure of Ueinforeecl Brh*fcwork. 
However the variation of teinineratiire stress from a uiiiiiiinim to a 
maxiiniini din*iii^ eaftdi hours will, as nsiially hap}MMis, iiMliiee 
the safe working; stress, t^ueh variation is re]»eated 3t»5 times each 
year. In 10 yea]*H the repetitions will number 3,(i50. Although 
the effect of repetition and iwersal of marximum and minimum 
stresses on brickwork luis not beiui so far investigatetl It is evi- 
dent that this will tend to lowcu* the safe working stresses for 
these materials. 

It is therefoiv evident that in most (uiws the failure of) Re- 
inforoe<l Brickwork can be traced to the stresses caused by tiunper- 
atiire variation and the. difference in coefficients of expansion of 
the materials used. 

Tt may [perhaps lie pointcKl out to the authors by some engi- 
neers that in spite of sindi great stnwses prodiu^ed by variations of 
temperature* there are many reinforced brick roof slabs in this 
country which are still in sound condition many years after eiw- 
tion. The authors would like to e.vplai]i that tin* sound c4)ndltion 
of smrh reinforced brick roof shibs may probably be due to the fol- 
lowing factors : — 

(1) Such roof sluliH are probably, never subjected to the full 

super or external load of 20 — ItK) lbs. iK?r sq. ft. for 
wrliich they are designed and ihcreiore the adhesive 
and shesrr strengths of materials are sufficient to 
withstand tempei'ature changes though possibly with 
hardly any factor of safety. 

(2) The co efficient of expunsidii of the bricks may be 

smaller than that of Koorkee bricks. 

(3) The slabs may be deep and of small spans. 

(4) The modulus of Elasticity of such bricks may be dif-, 

ferent from those of Roorkee bricks. 

(6) Owing perhgps to protection afforded by shade and 
surface coating their roof slabs may not be exposed 
to the same ranges of temperatures^ and if they are, 
their condnctively may not pienuit of the beat affect- 
ing the interior parts of tlie roof slab. The latter 
point can be experimentally investigated. 
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(6) In some sucb roof sla^s, the range of stress and the 
number of reversals required for failure due to the 
conditions mentioned in (5) above may not have yet 
lieen attained. 

The details of experiments for deteruiiuiiig the co-efficients of 
expansion are given in the Apiamdix to this {laper. 

The uni hors were very anxious to exiieriinenttrlly determine 
the co-efficu;nts of exjiaiiHion ofl insrterials in an actual Reinforced 
Hrick slab of 5 to 10 fnit span, but cii'cnmstunces beyond their 
control pr(‘vented them from doing so. 

It would be interesting to find out the co efficients of expan- 
sion of bricks made at various important places in India, and also 
of cement and wind mortar bricks of varying proportions of sand 
math* witli rapid hardening, ordinary and sitecial cements, and 
Hands of vairioiis places of varying sixes of particles and composi- 
tions. 

In concluding, tills piviier, the authors would like to mention 
that they ore fully conscious of the tact that they have attempted 
liy (hese expmimeuts to touch merely a fringe of the problem ac- 
cording to the limited facilities they could tH|ueeze out for them- 
selves in an institution which is not primarily equipped for these 
pnr])oseH. It would lie a most desirable thing if similar facilities 
for this kind of work were availalile in India as at Watford Build- 
ing Research Hiation near London. 

It would interest tlic authors if other persons or bodies in 
India nith Is^tter niiparatus and more leisure and money at their 
disposal could further investigate this problem, and in greater 
detail. As roofs of buildings erected in this style have cost many 
lakhs of rupees, in India, and us Reinforced Brickwork derign is 
more frequently resorted to for tlie sake of cheapness and conveni- 
ence in construction such information wili be most useful. ^ 



APl’fiKOIX 

The experimente deerritied hereiu were carried out In the 
Pliyeice Laboratory of the Thomuson Civil Kngineeriu|f CoU^^ 
Itoorkee, duriug the nioutha of dune to November, 1982 with a 
view to determining the t*u ethcieutb of ex|>aimiou of ateel, I : 8 
cement and Hand mortar brick, and HiMH'iail.v neb ctnl iHt clana kiln 
burnt mud lirick. Tliene form the coiii))unent materiala of Ke- 
iiiforced Brickwork. ^ 

Two luetlioda were tried for oitturining requmite ranges of 
temiteititui-e. 

Fii’htly, the bricks were immemHl in a water bath for obtain- 
ing desired rttuges of temiK'ratun* but uh brickM absorbed con- 
aiderable quantity of wsrter during the period of their immersion 
ill the liatli, the rt‘Nu]tH obtaintHl aen* found to be unreliable. 
Therefore an indinwt iiietlKMl of heating tlie bricks by radiation 
vm tried and found Mitihfactory. 

This metliod of heating iu\ol>ed the placing of the brick in 
a water tight rectangular iron plate box which euclotied it on all 
sidcH. This box containing the brick was placed in ar water bath 
ttic temi>eratnre of whicli was controlled by heating it wltli gus 
burners or cooling it aith ice as circumstances demanded. 

Tlte arraugeuient is illustrated in the two luicompuiiying photo- 
graphs pages 118 & IH. A liiick prapaitsl tor exiMM'iinent is sliown 
in the tirat ]>hotogi*aph. This innck was mounted on ridlers with end 
guidra to pre\eut lateral displacement. Three lioles each 8/8* in 
(iianieter and about 2* deep (one in the centre and the other two 
spaced 0" from the ceutn* one on eitlier side of it) were drilled in 
each brick. At either ends of the brick ueiv fastened iron plates 
carrying uprights markinl AA in phoiograidi 1. The iron plates 
had on their outer faces three wedgt's round which a string was 
wound to keep the plate in contact with the brick. The faces of 
the bricks and plates were planed in order to provide good con- 
tact between the surfaces of the brick and plates. To prevent 
lateral displaicement of the plates, the plates were equipiied with 
two projecting pins, each fitting into a hole drilled in the ends of 
the brick. The plates were fastened to the brick and uprights by 
means of a string passing over the entire area of brick surface as 
shown in the accompanying photograph 1. Three thin glass test 
tubes containing mercury were inserted in the three holes of the 
bride. In each of these glass test tabes containing merenry was 
placed a tbermometer to indicate the temperature of the brick. 
The range of tmnperatnre, as mentioned before varied from 8* 
to 86*0 in these esperimeitts. When the three thenamnetem 
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gave practically the same reading for about 2 hours^ the 
elongation or contraction of the brick was measured by meams of 
oi>tical levers. 

The optical lever consisted of a frame abed (us indicated on 
the first photftgrnplij winch nirried a Imr hinged along the 
centre line oP the frame. The lever L projecting at right angles* 
to the rod ‘ef^ carried the s<!rew N, the end i>oint of which rested 
against the planed surface of the uprights AA ti.Ked to the 
brick. The rod ‘ef' carried a mirror M fixed rigidly arlong the 
axis of rotation of 'ef.’ 

The magnification^ obtained from an optical lever is ^ 
where r~ distance between the mirror and the reflected image of 
the wire on the vertifical scale and 1)- Length of the 0]>tical 
lever, which is the distance hetwwMi the axis of bar ‘ef’ and the 
end pcnnl of screw N (S(w‘ photograph 1.). 

The uprigids projected ti[)\vaTds through the holes in the iron 
plate box enclosing the brick, to a distance of al)out 

The cud point of tini screw X* was made to press against the 
upright byi means of two spiings S.S. on tlie free end of the brick. 
A similar arraiiigi^nieiit for llie sake of pret^autioii w’^as provided at 
tlie other end of the brh*k. One end of the liriek >vas fixed and the 
other allowed to 

When expansion or eontravtion of the brick took place the free 
upright was disphuH*d and witli it the end [M>int of the Hvivw N, 
thus rotating inirrm* M. A beam of light through a slit containing 
a horixoiital w'ire, parallel to its inner etiges was throwm on the 
mirror of the opli<'aI lever. After reflection from this 
mirror the image of tlie wire was focussed on a vertical scale. 
The upward iviul downAvard motion of the image of the wdre on the 
scale indicated the ninourit of magnified elongation op contraction 
of the brick. The inagiiificntioii of elongation or contraction 
obtaineil by this means W'as 240. 

In order to obtain readings of» the elongation or contraction 
of the brick on the vertical scale a cathetometer was set up parallel 
to another scale Z W fixed on the edge of the table on which the 
apparatus and the brick Avere placed as sheAvn in the second photo- 
graph. The general pbni of the arrangement of the apparatus is 
given below : — 

♦When a beam of light is reflected from the mirror M and the mirror is rotated 
ihrongh an angle 6 , this reflected beam turns through 2 9. If r he the distance of the 
scale on which the beam of light is made to move, d. the distance on the scale 
^rough whi(^ reflected image of wire mores, the angle turned throngh by the 
mirror es d/2r. If D be the distance of the end of the pointer from the of 

rotation, the distance through which the pointer moves s dD/2r. In the experiment 
5 cm. r as flOO cm. so that the magnification b 2r/D s 2 x 
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All measarements were made in centimeters and degree! 
centigrade. 

The following example shows the method of calculating the 
result from the readings obtained during the course of the experi- 
ment : — 

Date. — ^27th June 

1. Distance of the lUOth diWsion on the scale 

ZW from the line of vertical scales X and Y ... 622.9 cm. 

2. Vertical jiosition of tiie axis of front mirror 

along the scale ZW ... ... ... 57.0 cm. 

3. Do. for the back mirror ... ... ... 10.0 cm. 

4. Heading on vertical scirie for front mirror level 

with the axis of the mirror l)efore elongation 
or conthustion ... ... ... 70.6 cm. 

5. Do. for back mirror ... ... ... 32.8 cm. 

6. norlxontal distiince of front mirror from scale 

ZW ... ... ... ... 28.6 cm. 

7. Do. for bajck mirror ... ... ... 27.5 cm, 

8. Iforiiiontnl distance of scale X from edge of 

table ... ... ... ... -9.0 cm. 

9. Do. for scale Y for back mirror ... .., 64.0 cm 

10. Li'iigth of front opti«‘a’l lever from the axis of 

rotation to the end point of the screw N= 

Ds 6.7 cm. 

11. Do. for back mirror ... ... .... 6.0 cm. 

12. Length of brick at ordinar}' temperature ... 44.86 cm. 

18. Initial temperature ... ... „. 34.3”c. 

la 

14. Final temperature which after heating for 

2 hoars remained vonstant ... ... 63.3 cm. 

15. Initial position on scale X of reflected light from 

front mirror ... ... 61.3 cm^ 

» 

16. IHnal position of reflected light from front 

mirror ... ... ... 67.8 cm. 

.89.0 cm. 


Mean. 


ditto 


ditti! 
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17. Initial position of i^ect(>d light ftom back 

mirror ... ... ... ... 51.9 cm, 

18* Final ditto ditto ... 50.8 cm. 

Jtean ditto ditto ... 51.2 cm. 



Mh* - (522.1)4 1(K) 57)* *(19 5)* 


Mean length of reflerlwl iK'am from front niliror- 


\/mh»4Hh* 


=. V (522.!)+ 100 ,57)" +19.5* +(70 0 59)* 

B5(i0.3 m. 

Bimilarij mean length for Itesim from hark mirror -017.3 cm. 
ExpaiiRion ia e<|nal lo the ditferenee ladwemi the diatanco 
through which the eiida of the iMUutera mote rcNtiiig against the 
the brick move. 

d«ir d'D' » 

Kxpimhioii - exiduuati"u wk* f<Kit note on 


page 108.) 

4X.5.7 

“50(rrx2' 

s.OlOl cm. 


1.3x5 

cTTiu 


•> 


t 


•VIVI 

Oo efficient of expanaion = 44 g 5 x ‘»9 I’®*' degree centl 

grade. * 


A thermostat was used for maintaining the tempera^nre of 
water bath constant for only the middle range— its range being 
such as not to permit Its use for the oth» ranges. Heating was 
done by gas bnmers. Readings were, in all cases, taken when the 
temperatnre of the b|ick was fairly constant for at least two 
hoars as mentioned ^evionsly and each reading took from 6 to 8 
hmin 



fiESUlfS. 

D>te> Uateriid Baage Goef.o(Exp,perC. 

June U, 1932. Bunt Hud Brick. 841 C .WiU j 

Heau .iD15 

Julj 7,1932 do 8-29 0 .iOld 

June 27, 1982 do 38430 .W 

jJeau .OIIOOIS 

Julj 1, 1932 do 3045 0 .000019 

Oct. 21i 1932 1 lOOemeot Baud 
Mortar Brick. (24 Bioutbs old) 2548 0 .0000118 ] 

. Heau .0000101 

Oct 28, 1932 do 23-73 0 .0000092 

Oct 31, 1932 do 2':^-roC .0000093 

Nor. 11, 1932 Rouad Steel 2348 0 .0000108 

Heau .0000107 

Nor. 18, 1932 do 20-790 .Oil 










DISCUSSION ON 

TEMPERATURE STRESSES IN REINFORCED 
BRICKWORK AND THE FAILURE OF 
REINFORCED BRICKWORK ROOFS. 


In jiitriMliu-injr ihv. Pji|i(M‘, l*rof. Knja Ksitii Hsiiil that the ex- Pwf- MaJi 
]K*riiiientN which foniUMi the basis of the siihjeet of tlie ^«n^el• were 
inulertakeii with the ohjeel of fletenniiiinu tln^ 4*lfeetK of tempera' 
tiire variation on reiiiforee<l Iniekwork. The remilts of iiivestipi* 
tioii were eiiihodieil in tlie pap.*r ainl thej spoke for themselves. He 
thoiij^ht that it nii^flit perhaps lie relevant to review hrielly the pro 
sent, position of reinforced liriekwork as a material for eonstrnc' 
li(»n. 

For the sake of siniplieitv in design it was t^enerall.v the pra<* 
lice to assume that reinfor<*eO brickwork construction was in all 
essential features the same as reiiifori'id Voncride construction save 
that “brh’kwork in cement mortar” was substituted for cement 
concrete, Tlie principles of reiiifori*enient also W4‘re assumed to be 
the samd, and steel was nscfl in various ways where iiceessary as i-ii 
n ’ll fori roiicrete, to jfive rupn’site streiij^th to the material, 

• Mr. Itivhner was the lirs; engineer in India to eondiict an ex- 
Iierimenta’l inv(sti;i:$itioii into and to pnhlish ri hook on this subjeet. 

All other engineers engaged in the diH^ign and eonstructiori of re- 
iiiforeed brickwork in India at the ]»resent day had generally ae* 
irepted the fnixlainental principles hrid down hy Mr. Jlrebner in his 
publication. Therefore he thought it )vorth-wdulc to quote the fol- 
lowing infiirmation from Mr. Hrehiier’s work. Mr. • llrebiier said, 
tlxit this form of eonstriietioii was first introdiiml in the conslrnc 
tioM of the New Capital for Bihar and Orissa> at Patna, and accord- 
ing to him proved so economical and sueeessfiil from every point 
of Tiew* that the local Oovernnieiit decidfsi to adopt it where 
possible. As a 1*081111 of the rec^ommeiidation of the tloyeroment 
of Bihar and Orissa to the Ooveriiineiit of India, this form of con- 
struction w'as adopted by various other Governments. 

There w'ere six advantages claimed for it 
(1) Simplicity of oonstrnction ; 
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(2) Good, iioutid and iHsrmanent work involving vciy 

i*epair cbai^ges ; 

(3) Fire proof oon8tnictioii ; 

(4) Neat and artistic appearance of the finished work un 

like that of jack areliiiig or other systems in common 
use; 

(5j ('ool rooms; 

(0) Low initial cost. Tt w^ns claimed that it was cheaper 
than any other form of pakka roofing. 

Ah regardH the mctliod of coiistrnction it wais stated by Mr. 
Jlrel)tier that <a) each tiiaxoii was given the dry mortar and be 
a4ldcd water to it us Im piweinled witli liis work, (b) the reinfoive- 
iiienl. was inserted as the work procec*ded and experience showed 
that It was not m^arly so liable to dlsplacemeut as it was in rein- 
forml concrete work and (c) llierc was indhing about the work 
which could deteriorate or recpiiiv attention of any kind. The re- 
pair clnirgeN were tlicrcfore very low, in fact negligible, providcsl. 
the brickwork >vaK efiici(»ntly protected from weathering and damp 
by cement (daster or Honictliing similar. 

WDUKING STKKNCiTIl OF MATFKIALS AND TIIEIR 
SFKt^lFltUTION. 

A breaking stress of llMIO llis/in* <ir over was saifi to indicate 
suilicieiitly gissl bricks. The saf<‘ working stress for Inicks was 
taken .equal to 2TA) to 350 Ihs/in^ in ('oiiipreKsioii. The mortar 
generally used \\m 1 of ceiiieitt to 3 of sand by volume. In some 
cases 1:2:1' concreti* was used in ])la(*e <»f 1:3 cement-sand 
mortar, lloiid ludweeii steel and mortar was taken as 100 l!>s/in“ 
after 28 days. 

Testa : — qViisioii and coiiipirssion tests for brickwork were re- 
ifomineiulcd. Temperature stresses were not investigated. 

One of tlie recomnieinla lions of Mr. Ilivbner was that it was 
ls‘st to combine reinfori*e<l (‘^nicrete work wdth iTiiiifomHl brick- 
work in tla^ constriifd ion of Imniiiih. As a rule the lower 
lieam in whiiii the tciisih* reliiforceiiicnt is placed shoulof accord- 
ing to Mr. Brelinerv l>e constructed entii*ely of coiiciM^te though 
Slilitary Engineering i^ervlceH did not rec^oiiiiiiend tliat practice* 

Jlavfiig snmmaHsed the present-day practice Prof* Rajar Ram 
said .that they should ransider it in its bearings on reinforced 
brlcJkworfc and reinforced concrete thet>ry. It was necessary to 
oxatniiie .^hether the theory on which reinforced 

A '-i'. ' ' . ' ' IW'"" ' 'c’ > 'O..: : 
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il<)K)gn vuH iMiKed, xcuh quite correct ; tlic main polutH to lie coil* 
Hideretl in tliia counexiou were the following:— 

(1) If reinforciHl brickwork was theow*ticiilly treated as re- 
inforced concrete work it might Hpecitically iMontml out that in 
stead of a mixture of to 1^" Htoiics, burnt mud bricks wei'c ushI 
in reinforced brickwork. Hut if on this analog}- O' siist* 

stone liallust instead of to 11* size were uwd in reinfon*cHl con- 
crete, he <loiibttHl if any Kngiiieer would consider it quite sound 
pructh-e and if tlie n^sulting <^mstnictlon woul<l have the suiuo 
pro)»erties as the former. Sin<‘e t1u‘ hiructure and stmigth 
of lairnl mud liricks weiH' on the face of it somewhat differtmt from 
Unit of cement sand mortar or cement concrete it did not aiqsmr 
quite coriH'ct to assiiiiie that the two hehuMMl as the one and the 
same or siiinlarl} witliout more <otn|mdieiisi\e and detiiiife tests 
in support of it. In fact an opinion iiiiuht be hazarded in rt^gard 
to reinfoiwl brickwork that it was not made tip of two such 
things as coiierete and stevi, lait ot tlirn^ ilitrereiit things* iiamel}, 
Kteei, cimiejit sand mortar and hrieks, the properties of the latter 
tw'o hehig distindly <lillerent in some insprcts. Tlie baM*s for ir 
part of this assertion were the otiheriatioiis made at Watford 
lUiiining Keseareii Station in regard 1<» (he deterioration of brieks. 
Aee<»rding to Dr. Stririidling of Walftu-d the most coirinion eause 
of iMid weathering properties of liriiks was the crislallizatioii of 
salts near the surface* of hrirks, the sjilts b**lng obtained from the 
l)ricks themselves i»r the mortar, eti*. Acconliiig to the same autho- 
rity a coiiimoii cansi* of ellbiresceiir'e in hricks in Ijngiaiid w-as tliO 
absorption by bricks ol the sjitts in (he temeiil mortar, tliimgli 
lime mortar did not usiialiy produce the sane* Iroiihh^ ISiit in order 
to be detinite wdiettier the siiine etiert was |nodiiced in bricks in 
India, further earefiil ohHer\atioiis wi^re necessHry. Tlie etfeci on 
the strength of reinfon-eil briekwork due to Ibis absorption of 
salts from cement mortar liy liricks in^ reinforc»ed lirickw'ork if it 
did take piace in Jiidia also needed iinesligalion. Observatioim for 
this purpose might have to l)c made on leinforced brick w'ork not 
only after 2H days but also after the lapse of such long isu'iods um 
two years or more. 

Theiil^re owing to differing streiiglli and other properties of 
bricks and cement-sand mortar tlie assumption that ir plane He4*tion 
, before bending remains plane after liending might not likely hold 
quite true in the case of reinforced brickwork. 

Farther so far as he was aware the elastic limit within which 
reinforced brickwork acted fis a bomogimeous material had not 
qnitc exactly been determined yet. Owing to the diffeient strength 
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and difforoat moduli of (dantidly of brickH and 1 :3 cement-aand 
mortar wiib’h iiiade up tho OMHcmtial <‘onipre8sioii reaiKtiiig compo- 
nout of roinforml brickwork it did not a|>pcar quite juNtidable to 
apply the fmidameiita'I reinforced coiierete formulae to i*einforC' 
ed brickwork, for instance, in tin* iiotatioii used by Taylor and 
TIiompHon— 


u 

j-j, (la-k) _ i-k 

' fc “ k<l ~ ' L 

Ec 

W K - ' 

1 . 

Nfc 

(4) fg xpxbxd -ifckdb 

(Jonsi<lerinj? the nliove formuhe, it .was detliiitely known that 
there was not one and the same value ol' fj, and and therefore 
of n. for bricks and eenient sand mortar. 

Similarly other K. (\ formuhe mi^ht not hold jijood in the case 
of reinforce<l brickM’ork fr<»m theoirtic'al considerations. 


Lastly the co eflicients of exfmnsion of cement sand mortar, 
steel a*nd bricks as shewn in the paper wer(‘ different. Apparently 
therefdre, reinfornul brick slabs mi^hl develop cra<*ks due to ex- 
]»ansion and contraction after construction. What the si/i(* of these 
cracks wtis likely to be couhl only Le {ruf‘ssed after sutVndent data 
were supplied. In K. <\ work the temperature and shrinkage 
eraeks were distributed mer the surfaee area as given on page 300 
<ff Tayhir and Thompsoirs i’onereie, IMain and Keinforced Vol. J., 
but in K. IL work owing to the presence of large size<l inert 
material, namely, brieks, the eraeks were eoncentratwl over the 
jiundi smaller mortar surface, and therefor** might la* larger in size. 
Further, vibration might affed a K. IL r«M>r more s<.*riously than a 
K. O. roof (»n this aeeouiit. ^ 

The rate at wliich heat was ahsftrhed or conducted through a 
reinfoned brick slab veiy likely deiwunh'il to a considerable extent 
oil the i-oloiir and (he nature of tlie (wering surface but the rate 
of its transinissiou from the iipiier side to the under side of a roof 
slab must vary in tliick slabs in every horizontal section of it and 
produce interminate horizontal shear stinsses. This also needed 
investigation. 
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Thus it ain>eare(l that (tcrhapa a little undue liberty had been prof, Uaji 
tarken in uaiug so extensively iriiiforeed brick>vork eoiistruetiou in 
India, witliout a fullev and more coiiipreheustve investigation of 
the most fundamental prc^iKMties of the materials that made up 

e eompositioii. Large and ifii[>ortaiit (loveriimeiit and public 
dings which wei*e intended to last for centuries if not millen' 
ninms like some of those at Oxford University now alK>ut 1,000 
yeai-s ohl, should not have been built iii reinforced briekwork witli- 
4mt obtaining more <lata. For such a thorough investigation of this 
subject a properly trained engineer must have at his disposal not 
only a laboratory for testing strength ami elasticity of materials 
but also chemir.il and physical laboratories with traiiUMl scientists 
ill charge of them, as ihey Inul in Europe ami in America. 

In conclusion he added that so far as he .wa*s awari* U. H. had 
not lH*en usimI for the const rmdion of any important building in any 
ICnropcan country until now, and this fact also might throw soim* 
doiilit on ilie soundness of reinforeed brickwork as a mnteriu’l for 
use ill any imp4)rtant cmgimHM'ing C4instrncti4m. 

Mr. Rmiha Lai said tliat tin; antimrs had given r4uiKonH with uadh 
experiments for th4‘ faihiri* of the wtirks; ami 4luring the 4lisciiHsi4m 
Mr. Raja Ham a4lmitt<‘<l that K, IL iMiof slabs were 4'lieaper than any 
other rooting ipm’iuaiierit of 4*ourse.). Jf idieapncss and |»»rmun4*nce 
were 4»onNid4 hhI, it was not (‘iiough to give the cause's of failure, 
but it was imperative to find emt iriimilie^s (if any) \o pivvent. tim 
failures. In Ids experiem*e 4»f alsmt ll! years he femiid that IV or •t'' 
g4M)4l Iliad ov4'r the slab preveiiteMi hisit of the siin atff'ctiiig the 
slab, lie hoped that Mr. Haja Ham wenibl agm» with him in the 
inatttM*. ll wax a givat probb^ni ami disserved solution. 

Mr. A. K. Datta saiil that he was assiMdatinl with Mr. Hrebner Mr. a R 
from the V4*ry la^ginidiig of rcinfon’ed brickwork (i.e., from lOKIj. 
Ilediflallthe expiuiimuital rcscarcjies on reinforced briiAwork 
and comrrete at Patna under Mr. llrebiier from HHd to 19151, From 
1919 to 1925, he was connected with Ikmares Hindu University 
Works. Thus he was in a position to ibwrjbe the exact stale of 
things both at Patna ami at Henares Ilimln University Imildings. 

The apjjiliraiice of crai’ks in K. H. roofs of some of tln^ buiblings at 
Patna was due to the lack of any cross rods in the slabs. No cross * 
roAn were used in tijese slabs at the beginning ami most; of the 
slaiis were brick-flat and brick on -cHlge. The cracks appeared along 
the length of the rods as there was nothing to piTivent the appear- 
ance of cracks. That was a common thing in relnforcwl concrete 
slabs also without cross reinforcements or expansion joints. In 
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CAm*.H of 11. n. rrKifn^ whfo*e c-rosii rodM had been provided^ there 
were imictically no ei*aeka in the roof slabn. 

Ill the (*aHe of liemireH Hindu IJniveriiiity R. R. roofs, eroHs Toils 
hud been provided and Hurh eracks did not appear. lie had seen 
of li. Ji. roofs over veramlali over 100 ft. in length where 
emi'ikN had apiieared. A ei*ack often ap|iearetl at the junction 
two days’ work, old and new, but that could lie avoided by putting 
Mojnie extra croHS rods one-half embedded in the first day’s work 
and the otlier half In llie second day’s work. He had constructed 
lacs of s(|.rt. of both R. H. and R. R. (\ slabs for roofs and floors in 
biiildiiigs but nowhere had a brick lM»en reported to come down 
from the slab on aiToiint of teiiiiM^ratiire stivss or other causes. 
The rates of ex|aiiisioii of concede, stwl, cement iiiotar and bricks 
were similar and there wa« not much diffemice. ti" Rrick Con- 
Crete Roads, both plain and reinforced, were coiistnuded in April, 
at t'alciittar-^Jessore Road, 5tli mile and tlie photo- 
grapli of llie same, (vide page 121), was taken in daniiary 
IJKU, i.e. after 20 months of use. (in eNaminiiig the 
photograph carefully, it winild lNMdearl^>'f seen that no cracks 
liad developed in any fiart of (lie road slabs. Jii spite of the fact 
that the slab bail b(»en exposed to the siiii and rain and also to 
heavy Iraltic for all tlie,se months, the bricks, concrete and sttH*! 
luid all worked togetiuu* as one mass and they had not seiamited 
anywhere. The expansion joints had Imh*ii provided at every 30 ft. 
The drawing ^inserted after page 121) showed the sections of those 
brick concrete mails, both plain ami rtunforceil. There was a half- 
inch layer of sand below to allow frm expansion of the slabs. Tii 
the case of I'oinTete roads also, cracks would appear iiiiless proper 
eximnsioii joints were provided therein. In the carses of (Vntral 
Avenue Oonerete Road of (''alcntta. T/ bottom conerete W'us with 
1 :2:1 and the top 2" with I :l :2, reinforced at hottoin with No. 

9 11, R. V, fabric and at top with Nt*. 11 R. R. fabric; no ex- 
pansion joints were provided in tlie saiiic with the hope that the 
slab would not crack. Now if aiiylNidy ctxamiiied tlie surface he 
W'onld tlnd cracks, pi*acliciilly at every JMl ft. exteiiding^poughout 
the whole width of the slab. Jii the subseipieiit eonstniction of eon- 
«a*ete roads, expansion joints had liecm [imvided at every 30ft. and 
no cracks laid ai>|)eamd in these roads. Mr. Raja Rain harried td , 
proX'e by experiinents thaf the m-efllcient of expansion of mck was 
veiyr much greater than that of (*emeut mortar or concrete or of 
ateel. 

For brick— O.OOOOOSl jH?r degi*ee of Pah. 

For 3:1 cement mortar {coiUTete)-70.(KK)0066 per degree of 
Fall. 

For iron barr-0.000006 per degree of Pah* 
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The resiill for briekH ai)i)eart*cl to l)e abKiinl for the simple fact 
Uiait brickwork in ceiiicnt was in use for many years and nowhere 
hart the liricks been found to be separateil from the mortar. Thus 
avrtnal fa<‘t did not Kiipjmrt Hie eoneliiHion of Mr. Raja Rain's ex- 
periiiientH. liad there iK’eii different rales of expansion between 
bricks and <*ement. mortar the whole brickwork w'oiilrt have been 
crninblert to separate bricks arni iiiortair but that never happened. 
In Ainericsm <Uvil hhi^yineer’s Pocket Rook, the co efficient of ex- 
pansion for brick was /t*ven as practically ecjual to that of cement 
concrete or of Kti*el (vide paj^e 2S8 2iid ICdition). 


Va) ellicKMit of expansion of 

(;enieut <*oncrete — per cle^jree of Fah.— 0.000<l0rir> 

Ditto Ditto of steel- Do. — <1.0000005 

Ditto Dilto of brick- Do. — 0.0000050 

wluMVrts th« of «*xpiin»ioii for l>vi« « .ts fouml by Mr. 

Raja Ram wsik 0.0(M)(KIS;{ ; so, llial appoaroil to l)0 wroii|?. For roofs 
and of iiniticrons Imildiiij^s. la* liad ronstnu'tod 4' R. B. C. 

Blabs. Tlioy t«nisisl<-il of JJ' liib k with 1' miioiit concretp on top 
wilh U' to 2' joints id ioiiiont Pinn ioto will; tlio roinfoiTing rods in 
lb« lowpv j)ai t. Jn tln‘Si> slalis bo dbl not liial siny i ratik developing 
iH'tween the brii'ks aiul (be eoiKTet,* or steel. The brii'ks, <x>uci’etc 
anil (be rtals all wlu'ii s(*t, workeil as one mass. If very long slabs 
were ponKtrin ted Avitlii>Ht expansbin ji»ints or etiver i»u top, cracks 
woubl aipiiOJir at inti*rvals i»f 2r»ft. i>r so bnt tbsrt wa.s also the cast* 
with (he reinfori'i'd cijncrete slabs. 

The dcvelopnient that had been done ni>w in reinforced 
brickwiirk was in the doQiniu of pri»toition of iwls from corrosion 
by nshig wide concrete Jiiints, U* to 2^ wid-; (usually) with a layw 
of oenienl mortarr up to tup of the rods. In his opinion, reinforced 
concrete (R.C.), wdnfurced brickwork (R.B.), reinforced brick con- 
crete (R.B.C.), when properly constructed would produce safe con- 
struction and if they were iiot properly done, the construction 
would be defective in all cases. 
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Mr. D. K. Jarin uHked how iimny ijiaiuplejii of bricks wore tested xr. D. B. 
by the authors bi^fore the new co-eflk-ienf of expuusioii of Itoorkee 
bricks was tuTivetl at. 

Mr. K. L. Jain n^rnarkotl that with rcpird to each design the Hr. K. b. 
following points should be considered 

(1) Feasibility of production as regards material labour 
and piwesK of luaiuffadinv. 

(1!) CaiMicily of workshop to carry out the work with the 
tools and appliaticcH available. 

(3j Fonstructioii of patterns and inonlds with adaptability 
for rapid profluctioii. 

(4) Degree of standaTdi?.atlon possibh^ and advisable espe- 
cially with regard to details. 

(oi Tossible economy in select ion of inaterials, 

(Oj Total cost of production with available plant with poS' 
silile diminution if special machines provided. 

The existing reinforced brickwork Miofs of tlie Uenarc^s liiiidu 
University Huildings were so far as he knew working satis* 
faetorily and eonsideriiig tlie eost he was of opinion that the 
roofs of reinforeed hriekwork shouhl not be entirely rejected, 
(lonsidering eeonoiiiy and oilier points for seleeting a partieular 
design mentioned aireatly, reinforeed brickwork roofs slioiibl be 
adopted. 

Kai Salieb K. Danerjee sai<l that the subject of Professor Eat Sab 
Kuja Kam and Mr. Aiiamhi Saroop’s pais»r was of ^^-oiisiderabJe 
iuteivst to llengal engineers generally and to. him In particular for 
thtt reason that reinforeed briekwork was still largely used in 
Calcutta and elsewhere in llengal, and engineers like liitnself were 
responsible for the design and e^iimtruction of many lioors and 
roofs of i*eiiiforecd bri('k. Fortunately, however, where such slabs 
W'ere covered with a layer of lime concrete or patent stone he did 
not experience any diilicnity due to leiiiperature variations, l-le- 
fore going to Delhi, he visited some of thm Htructufes, which 
w*ere 5 or t> years old, and found them free from any crack and tliey 
sustained the earthquake sliock without any trouble. The cracks 
might apiiear owing to causes other than variations in atmosidjerie. 
teiiiperatui*e, tliey might Ije due to water cement ratio of the mortar, 
the manner of curing, the soundness of the cement, etc. With re- 
gard to temperature stresses the data so far availalde were foreign 
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smA he wuh grateful to the autIioi*H for the experiment which waa 
proliahly firnt of its kind in this country. The co efficient of ex- 
pansion of lirnrk given by various authorities varied from .0000031 
to .(NHHKKIS per degree Fahrenheit, but the authors had found it 
to be i0(M)0083 for Jioorkce brb*kH. Jle did not know if the 
authors laid investigated the cause of difference. The co efficient 
of expansion for steel was about the same as found by other 
antiiorities. TIurt. stresses were developcsl owing to temperature 
variation was a w'ell aeeepled faet, but the moot point was 
wliat variation was to lie prtivided fur in the evaluation 
of Hlresses in «bwgiiing a striiHiire. lnf(»rinatioii on this 
point was meagre and the opinion variwl cumsiderably. In 
England where the atinospluTie variation was taken to lie 50®P., 
the temperature varialioii ai1<»wed in calciiiuiion was assumed to 
be +30®F., whereas in Aineriea if was taiken to be +40°F. It w'as 
rejiorted that diurnal variation of teiii]SM*atiire had little effeet on 
eoncrete, and the yearly range of 24 iiii*an teiiipcM^atiire had 

eoiisiderabb; effeet. The internal variation of tcanperatnre in eon- 
Crete or other stiiictiire was only ri^sponsihle for its deformation, 
and therefore, all caleitlations for tein|s*ra1iire stresses should be 
based on this variation, thi this point, however, very few investi- 
gatioiis had been made, lie wished Hint the authors would contiune 
their experiinents farther and try to liiid out the relation between 
the titinoKphene range and the range of internal variation. So far 
as he was awaire iyvo experiments were iinnle— (»m^ hy the University 
ad* Illinois and the other by Iowa State Ufdlege of Agrianilture. The 
bitter experiments showed intau*iia] variations to be Tovi of the at- 
mospheric varialioiis in muss concrete of o to b feet in depth; the 
usual praadii'e in Aniericav, however, was to take half the atnies- 
pheric variation. The range of internal variation wonbl vary con- 
sjalerahly mrordliig to the position of tlie Htnictni*e, the teniiieni- 
tiire of the atmosphere in which the work was done and also its 
thickness, lb* thought it woubi be siiflh‘ient if pi*ovisioii were made 
for the greater of the two ranga*s of variaiiams above or below' the 
tiMnperatui"e aif no stirss aif wdiiadi wonhl he dlffermit tn differ- 
ent structures. So be thought the authors* evaluatiam of tempera- 
ture stresses a>» given in the laiper might not be cwrect. 

Mr. T. S. Jotwaiii tsaid that it waa very iiitereatiof; to go 
tliroiigh tlio rranlta of the Authors' exixeriineuta which indicated 
that some of the fnjInreK,{n reiiiforcnl brickwork roofs might be 
jHirtly due to different co efficients of expansion of bricks and the 
Munent mortar. He (lerMonffUy diffeml from the conclusion arrived 
at by the anthors that in most cases the failnre of reinforced 
indc^'ork could be traced to the stresses caused by temperature" 
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Vttriatioii mid the difference in oo»efflcieiitH of expunRion of the e. 
materiale need. Tliis form of conKtvnrtiou had not always, proved 
successful mamly due to oomisioti of the reinfcnrinji: rods. M<ist of 
the failures in K. Brick roofs liad been noliciHi after vt luunlier of 
years and on careful inspection of such remfs it was found that the 
sectional awa of the reinforceincnt hud frradiially diminished be- 
canse of corrosion till the luiint had hctMi n^ached when the iiM>f 
slab was weak in tension and r<insH|neiit1y cnickiMl. If the ftrflure 
W'as mainly dmrto the difference in co-ellinents of expansion of the 
materials used it should have very likely occurred in the course of 
a year after the slab liad been sulijcctiHl to inaxiiinim raiijifes of 
temperatures dnrin,<: the worst purl of the tirst year. This type of 
roof showed wnuioiuy over other ffirms of constriiclion iu districts 
w here bricks were good and cheap, also wher<‘ snllahlc aggregates 
for ordinary concreli* weiv nnt available; there wei*e many such 
districts iu India. The only care ivtiuiren Avaw to prevent the eorro 
sion’of the reinforcement. Bricks contained corrosive elements with 
the i*esnlt that in some places, wheiv the ii‘infoiwinent wus in direct 
contact with bricks in the ri'iiiforcetl brickwork, it got siTionsly 
corroded and even c<»iiip1etely eateui through at various points. It 
w'as not necessary that the reiiiforceinent should he corroded 
tlinmghoiit its entire length for a fsrihire to oceuir. The strength of 
a <*luiin is the strength eif its weakest link, ami if the 

reiiiforceinent is reduce^d in an‘a hy corrosion at: any |Muui on Its 
length, the value of the I'einforeniieiit must he only tliat of the 
rediliced ar<*a. of see'tioii at the point of eorrosion. The c‘orrosion 
of the steel bars might partly he due to tlie cement mortar Isdng 
porous. Tie was, tlierefore, of the opinion fiiai then* should 1m 
no.gfailiires of It. Briekwork roofs pi*Ov)ded the workmanship 

was goo«I. the joints between hrieks were of such a wddth that 

there would Is* at least clearance hetween the side of 

the rod and the hrickw^ork and the cement sand mortar in the 

joints w'as in pro|Kirlions of 1:2. 

^ • 

^ Mr. II. K. Sariear said that according to Professor Raja Ram, Mr. ». k 
'' the co efficient of exiaiusioii of hriek and cement morhn* were differ- 
cot and as such bricks and cmiiient iiiortar should not w^ork together - 
as oiwef mass, tinder hmit. In the caw» of ii big hri<‘k chiiiiuey cous* 
tructiMi in the Lucknow AValer Works under the supenisioii of the 
Public Health Department cracks had ap|ieim*d vertiiiilly as well as 
horizontally in the cthneiitdirick part. The chimney ]which was dr- 
cular and about 175 ft. high had cracketl in four places vertically on 
four rides and the cracks wdiile over I jiicli in some places hat! not 
followed the cement joints but had traversed the bricks ctiming in 
^ line of tlie cracks. This dearly showed that the bricks tmd the 
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i!einent mortar worked together under liigh teiiiperatui-e. Had the 
4;o-elIirJent of expansion lK*en different they would have cracked 
through the jolntw of the brick in all directioiiH. It might lie inter- 
cHting, however, to imte that no crack had appeared in the upjier 
part of the chimney whhdi waa of lime mortar. 

Mr. M. Z. Faruqi Kaid that Mr. Kajai Uaiii a<lvocated the uae 
of reinforced bi*irk with great 4'aiition on the ground that the fac* 
tora whicli actually came into play were not identical with the 
ntiient <*oncrete. Tliis might; be true, but it remained to be ascer- 
tained to w'hat extent they differed. As an eiigimn'r, the practical 
results were to him e<pmlly important as the theondical calcula- 
Mons; and these tlieoretical I'alciiiations helped in the first instance 
to arrive at certain dtiiiensions of the slabs, etc., wliich could be 
expected to safely su]ipor( a certain load and resist tlie stresses 
proilnced. tViiient brickwork was being used extensivcdy but it 4 lid 
not necessarily follow tliat the w<irk that Avas being done was lmsi*d 
on tin* calculations, a'lid that the actual ciaistrnction was lieing 
carried out on scientilit* liiu*s according to specitications. It Avas 
of the greatest importance that an 4»iigineer should guard agannst 
the mistaken Ideas of construction, and it seemed necessary to men- 
tion that tlie failure of reinfontMl brickAvorks Avas due to faulty 
const rind ion and most probably not to mistakes in the assumptions 
for calculations. These mistakes c'xnild lie classed as iiinlcT: — 

(i) the joint. betAveen the lirieks was too thin to alloAV the mor- 
tar tilling in fully betAveen the bricks with the natural result that 
the mortar in lietAveeii tlie bricks Avas left in a spongy shape and 
liarboun^d molstnie iiesides lieing Aveak and init offering siitTicient 
ndhesifiii ; 

(li) tho niortnr did not cover tJie steel reinforcenientH in the 
joints hikI the expected adh(.Mion never ciniie into |dsiy. The steel 
rods di<l not adhere t(» tlie mortar; even oti jier «t*nt of its surface 
vas left niitouclied l»y cciiicut mortar; 

tiiit (^imetimes the mortar was too stiff and did not. rnii ixiuiid 
(he reiufortviiient, and at. others it was murli too sloppy and its 
resnltiiiff streii)i;th was very miH*h minced, and air liulibles remained 
inside the mortar and many of them on the surface of the steel ; 

(iv) The jKtsition of-the niinforivnient which was calculated 
witli gmrt accuracy at the time of di.sign was practumlly lost siglit 
of at the time of i^iustnictioii and the metiil was not kept where it 
was intended and thus the strength was materially reduced ; 

(V) Tlie centring in the case of It.B, slab was to be stronger 
than Jack arch roof but this was lost sight of ; and the centring 
kept giving way and disturbiing ; 
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(vi) Wie mortar uKod was oftiMi not wator tij^lit evim in the rase * 
of roofs. It ailinitted that 1 :H mnrnt mortar was not watjer- 
tight, and for i-oof work it was impmitivr that it fiught to be 1 ;2. 

The 1 :2^tnort.arjkvas preferable for floor wt)rk <ilso. 

The engineer of to day had to use his intlneuee where jsissible 
towards tin* right nse of material. The puldie wen* blindly 
using the K. 11. for roofs and Hours and tliey might < ome to grief for 
not attending to the speei lira lions. The>e*failnns might be used 
as ail argnnieiit against R. 11. roof eoiistrurtion though (he engi- 
neers who liad used this (y])e of roof knew I lie jwdnts in favour of 
Reinforeed Brick Cimstrnction so well. , 

1‘rofessor Kaja* Ram, in reply to (he points raised by the vari- tii© Aut 
ous speakers, said that he liad noted Mr. Kadha La-rs remarks and 
pointed out that before any remedy Was suggested the I'aiises of a 
failure mnst lie delinilely aseert-iineil. Within the brief piTiods 
snatehed from their hiisy ofllcial life he and Mr. A. htaroop hud 
investigated as far as they eould, (hough not ipiile comprehensively, 
some of tin* (^anses of the failures of B. B. roofs. Jlo agnrd with 
Mr. Kadha Lai that it tvas necessary to tiiid (la* remedies, if there 
were any, to prevent failures and said that It was a reeognized 
faei that mini eovi ring was a bail conductor of heat and if it was 
painted white with lime it absorbed still less (n‘at of the sun and 
kept the niofs cooler. 

Regarding Mr. A. K. J>atta"s eoinment that Hie failure of roof 
slabs «at ratinr was due to Die non -provision of cross bars, he 
pointed out that cross liars, as eiigiiiws were well aware, were 
generally used to prevent temperature and shidtikage cracks. This 
evidently snpfiorted the view propounded by tin* aiiDiors in the 
pajier. As regards cracks along the length of the bars, lie ikhiiUhL 
out that in R. C. w'ork owing to the nature of that material the bars 
could be properly spaced and tlierefore the cracks were line and 
weiHji teiiiieil bail* cracks ainl were closely anil evenly <liHtritnited, 
but in B. B. w'ork owing to Die large size tif bricks these were not 
and- could not be evenly arnl elomdy distributed. Regarding non* 
appearance <»f cracks in R. B. roofs in 'which cross bars had bc*en 
provided, he suggested that one slionbl wa'il and see liefore one 
<*onld pass any ilnal verdict : regarding R. B. roofs of over 1(10' 
ill length over verandahs, Mr. Biitta had said that he had seen no 
cracks in them yet. Prof. Raja Ram considered that it wim better 
to divide up 100' long slalis into almut 10 to 20' lengths each and 
provide expansion joints in lietween. He suggc^sted that Mr, Datta 
diould in this case also wrait and see liefore pronouncing his final 
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nthor. opinion on jointlemi Rlalw of over 100' length. He did not dispute 
the stnteincnt of Mr. Dattu ragarding the bricks dropping out of 
roof slnliH ctinstructed by him, but the fact that such a thing had 
happened in a famons building in India and had been reported in 
the press all over India <‘oald not Ik: discounted. He did not agree 
with Mr. Dattu’s statement that the rates of cxiamsion (by which 
he understood Mr. Hutta to mean the co eflici(‘ilts of eixpansiou) of 
concrete, ste-el, cement mortar and bricks were similar and not much 
different. The rennrrks of Mr. Hatta regarding U. It. roads, though 
interesting, did nut in tin; o}>inioji of Frof. Kaja Kam affect the 
U. It. roirf sbvbs abd therefore the facts quobKl'ity Mr. Datta did 
not <-ali for any B|HH-ial notice. Ttegnrding the remarks 
about the aiisur4lity of tin* it'siilts oitbrined by the 
authors, l*n>f. Itajir Item said tliat Mr. Datta conld not 
heip ucceiding the two vaiues of tiie coefficients of exfian- 
sion of steel and coin’retc siinply l)e(‘anse they Jtgreed with those 
given in nnineroiis b<H»ks, but Mr. Dutte seeme<l to believe that the 
vainc of thft co-effll(;ient of expansion of liricks found by the authors 
by means of the same apparatus and umier (he same conditions w'as 
wrong siiupiy is'cause it di«l iu»t tally witii tlie value given on page 
3HS of the Aiiieri<'an t’ivil Kngintsn's INs'kj't Hook, 2nd KtUtion. 
He ptdnteil out that iirlcks aiv md mad<‘ of tin* same kind of clay ail 
the world over, that then> in no sneh thing as a univemrl stan- 
dard clay or brick in India and tliat tin* <'«i effici<*nts of eximusioii 
(»f liricks of different kinds of <-hi.v burnt {sissildy under different 
ooiiditious and (lerbaps at diffennit temperatures must necessarily 
Iw different.. 

In reply to Mr. D. II. .Iain's iinestion he aald tliat tlie liricks 
were obtained from five different Kilns in Koorkec and that aliont 10 
to 12 Bam]des wei'c tested, each sample iH'iug testwl several times. 

Mr. K. L. .Iain’s views tliat further investigirtions on the sub- 
ject w'erc desii-aiile were shared liy I'rof. Raja Rum. 

In reply to Rai Sahib K. <\ Itenerjw*, I’rof. Iteja Ram said 
that the Rai Habib like Mr. Datta uttacheil a somewhat exagger- 
’ ated sanctity to the value of tlie m efficients ot expansion of bricks . 
. given in the various bo(>ks and referred the Bui Hahili to' 

' the leply be hard already given on this imint in dealing 
with Mr, Datta’s comments. He agreed that the difference 
betw^ atmosplieric and' internal variation of tempera-. 

' tore in brickwork netted fuller investigution. This depemd- 
fd...uis>ii.. geteral factur^thg, ,Uiateria] ^the - Urii^, t^'- 



PlBCUiSSIOK ON KEINFOBCEO BKIGKWOBK. 

icoluar of the brich^the humidity, etc. etc., besides tne range amiw 
of atmospheric tempemure. Ue did ^ol agree thiirt his and Ur. A. 

Baroop's calculation of temperature stresses u’ns incorrect but he 
consideml that abut Mr. Banerjee meant was ^lerhaiis that the 
conditions for the calculations might be different. 

• With'regard to Mr. Jotaani’s remarks he said that Ur. Jotaraui 
considered that even some of the falhires of It. 11 . a'ork arere not 
due to diffei'en<*es in theco efllcieiitH of expansion of its (Nfustitueiit 
materials for lie found that cracks aiHiean*»l long after construction 
and that if thej acre dne to different <*0 efficients of espaiiHious tlu‘y 
should npivar in the coarse ol a }(‘ur after its construction. i*rof. 

Ilajii Kara did not doubt that some cracks might he due to corrosion 
of steel. lie, hoa'exer, iHiiiited out that rejietition and rexersal 
of stresses due to teiuiienitun* Aariatious iiiighl not and did not 
reach the cracking limit in a yi*nr or mi. fie a'as of the o)»iniou 
that U‘si<1e8 tin* thnn* iioints nientioned liy Mr. Jotarani ahich 
a’oiild jimenl fuiliir<% in B. B rmifs then* a'ere several othters that 
must lie taken uito account soch as temperature and shriukagi*, 
reinforcement, a’Hter cement ratio, quality of bricks, soaking of 
bricks in a’ater, etc., etc. 

ill nqil.r to Mr. Harkar's remarks that since cnu'ks 
iriipeaml in the hiicks and not in the remen t mortar 
ItelaetMi the liricks of a cliimiiey coiihtnicleil at Lucknoar, 
the coefficient of expaiiMoii ot liriiks and cement mortar 
ctinld not lie diffemit, Prof Baja |{.ini pointisl out thirl accoriUiig 
to the ri'Kiilis olitaint'd at the WntionI Building Brn'iireh Btirlioii 
bricks alisorlsHi some salts from cement niortar lint did not do 
HO in the case of lime mortar. Tliei'oforc, h aras not surprising 
if no cracks upiM‘aited in brickaork in lime, mora esisK’ialiy ISH'ause 
goml lime mortar and bricks hud been known for centuries to 
behave as a monolithie and homogeneous imrterial under ordinary 
atmospheric temperatures. In the ease of brickwork in cement 
mortar the failure was evidently due to the fart that adhesion 
between brickwork and cement aas greater tlian the teiMile sti’ength 
of bricks at higher teiniieratures such as those usually olitulneii 
inside a chimney. 

Begarding the points raised by Mr. Farnqi, Prof. Baja Ram 
agreed with him so far as be detailed some of tim canaea of ftiiluTes 
in B 4 B. work. 

Pnrf. Baja Bam said in conclnslon that if progteas were to be 
made in engineeriitg constnictitm the properties and strength ot 
the materials used most be known as exactly m possible and 
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t- 

Th« Anthor. tliorefure for {irdfMfr (Irxi^ ami <‘«iiKlriirli»m of R. IJ, M’ork a 
irion; coinitivlKMiKivff ami cxiict kiiowloil^c of Uk (aniKtihmnt inatc- 
rialN was (loKirablo. Ho adilnl that. Ihoory waa tlio rationaliNod 
CNKoaco of piiK-l ic.ft and if at any tinn* or in any iiiKtanr-o theory 
dill not KUpport |>rn<-tici‘, it maalrd reailjiiKlnKMit and this tk'as what 
was lieing done every day hy sciiaitilii; investigators. Engiiu'cre 
conld not afford to work for ever with eni[dri<‘al methmls and rules 
when llie means of eorrecl exjHM-iinental detitrniination weiv read% 
available to them throngliont the eivili/.ed world. 



THE ECONOMIC DIMENSIONS OF 
REINFORCED CONCRETE 
RESERVOIRS 

BY 

GEORGE BRANSBY WILLIAMS, Member. 


In tills paper a method is described of arriving at the most 
economical dimensions of two tyiK*s of open reinforced concrete 
rescTvoirs ; Type A. — reservoirs in whicli the thrust produeetl I»y. 
the water pressure is a>isiinied to k‘ resisted entirely by the tension 
on the horizontal reiiil'oireinent in the walls; ami, Ty[M; It. — 
rest'iToirs with walls designeil as retaining walls. The pirsent 
investigal 14)11 is 4‘onlim‘d to nn4‘4)vereil ri'siTVoiix, bi'caiise tin* 
inathematical tivntment of the prohleni is ma<le more complicated 
in covered reservoirs hy the moitifhtntion of the stresses in tin! 
walls caiiKCMl by their attaidinn'iit to thi! roof. Only circular 
reservoli's ni'cil Isi consiileml. Keservidrs of Type A. must 
obviously be circular in plan, ami. as the shortest line boinidiiig st 
given area is a*cirele, the cheapest reservoir of Type It. for any 
given d<‘pth must, also Is* a cii'cular om*. Where it is in'cessary to 
I’onstnn't resiu'voirs and tanks mdangular in plan, nr of any 
irregular shape, to (it in with the iwt of tin* works, their dimen- 
sions will be decidcil by considerations wliii-h will preclude their 
being irrHved at by any general inat1n*inatieal formulie. 

To simplify tin* investigsition, 4‘ert)iiii assniiiptions are made, 
whi(‘h, although not strictly correct, do not 4‘nlnil siiHicient in- 
acci/racy to affect matcria'lly the comparative n*sults. ' For the 
mathematical I'alciilations, the volume df concriile in the shells of 
any reservoir i^ taken to be the sum of the products of the arreas 
of the interior w’etted surfaces and the average thickness of the 
shell behind the respiictive areas. The possibility of outside earth 
pressures on the walls is disregarded. When the econoniiiP dimen- 
sions han-e tieen arrived at mathematically, the estimated volpme 
of concrete in a reservoir of any given capacity is obtained, as far 
ns possible, by accurate mensuration. 

BESgBVOmS TYPE A. (WALLS WHOLLY IN TENSION). 

Til a i*eKervoir of this typ** the reinforcing sletd is designed to . 
take the whole of the bursting stress on the wall prislitcerl* by the 
pressure of tlie water. The mtrronndiiig omm-ete must obvmusly be 
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streiwed also^ and, although thia stress is not taken inttr" conift- 
deration in calculating the strength of the structure, it must be 
restricted to an intensity that a'ill not cause cracks in the wall 
and consequent leakage. This intt'nsity is assumed herein to be 
an average throughout the w’all of 175 lbs. per square inch. The 
limit of the working stress on the steel is taken as 12,000 lbs. per 
square inch. Consider a cross-sectional area of 100 square inches 
of concrete reinforced with p siiiiare inches of steel. Then for 
the purpose of <»lculatiiig the effective stress on the (»>nci'ete, tlie 
composite structnre of sirnd aiid concrete may ^ looked upon as 
equivalent to an area of 100 + p(m -1) sejuare inches of concrete, 
m being the ratio of the inodnli of elasticity Tf m is taken as 
12, T the total tensile stitms on I lie cross section of the wall, and t^ 
the allowable si ivss <»n the «•ollcrcte, then ; 


T = (100 + lip) X tc 
= (100 + lip) X 175 

As this is assumed to lie wholly taken by the sletd reinforcement 

T == p X 12000 
p X 12000 == 17500 + 1925 p 
Whence p = 1.737 .... (1) 

This is the area of steel in 100 indies of concrete, so the percent- 
age of reinforc<>uieut is 1.7:{7, aliich may lie taken as the theoreti- 
cally correct percentage at all points in any i*e8ervoir wall wholly 
in tension. 


The tension ou 100 Hquai*e inches of reinforced concrete on the 
basis of the allowable stress on the concrete is 

Tc = 175 (100 -t 11 X 1.737) = 20,844 lbs. 
or, alteraatively, on the basis of the allow’able stress ou the steel, 
T, =» 12000 X 1.737 which also = 20,844 lbs. 

The tension on one square foot of concrete is thus 
}« X 20,844 = 30,016 ibs. 

In this investigation it is assumed that the reinforcement in 
the walls is sufiDicient to withstand the whole of the stress produc> 
isd^y the water pressure. Actually the stress a* the bottom of the 
(Wall does not all (ame upon the horizontal reinforcement, owing 
to the wall being andiored to the floor. This fact is 
for present puritoses, and, as a basis for the calcnlaUmuh it is 
assumed that iu wall in this class of reservoir, the^veiAge ^ 
thickness of the wall is the average tensile stress on it in pouiida ■ 
per sq. foot -r 30,000. 
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Iby reaenroir containing h fCet of water the maadiwim in* 
tensi^ of presaute at the bottom of the wnrll ia hw Iba. per aq. 
Copt, w being the areight of a cubic foot of water. The average 


^^^wure on a vertical atrip of wall 1 f(M)t wide ia therefore 


wh 

T 


wh*r 

11)8. per aq. foot and the total preaaure on the atrip ia * ^ 

In a circular reaenoir uith a diameter - 2r feet the average 
burating prcaaure per \ei'tical foot of wall produced by the water 
wh*r uhr 

ia therefon* ^ Iba. If d ih the a\erugc thickncaa of the 


wall then ex liy|)otboai 

whr 

■“ 2 x 30,000 

and, if a be taken aa 02 5 Iba. 

d - O.OOlOihr feet (2) 


In comparing the toata of different tyjiea of rtdnforced con- 
crete reaervoira it ia ucccbaaiy to allow for the variation in the 
coat of the concrete with the amount of reinforcement and the 
nature of the falaework. For thia purpoae the coat of plain un* 
reinforced concrete, e.g., in an unreiufurced floor, ia taken aa a 
standard, and the volume of all reinforced concrete ia increaaed to 
on equivalent volume of thia unreinforced concrete. It ia aaaumed 
tiiart the concrete ia coinpobol of 1 part cement to 2 of aand and 4 
of atone. It ia found that on an aveinge t' e coat of the falae- 
work in the walla, including (ixing, and the «‘xtra coat of getting 
the concrete into poaition behind thia falaework, ia approximately 
equal to the coat of the uureinforced concrete, and that the coat of 
t aquare inch of reinforcement in a blpck of concrete 1 foot long 

ia equivalent to l/Srd cubic foot of unreinforced concrete. 

* 

The coat of 1 cubic foot of concrete in a reaervoir wall rein- 
forced with 1.737% of eteel ia therefore equivalent to the following 
quantity of unreinforced concrete: — 


1 cub. ft. of concrete ia equivalent to 

falaework „ 

l.f&7 X 1.44 aq. inchea of reinforcement 


la equivalent to 2.60 


1.00 cubic foot 


1.00 


PP 


2.88 cubic feet 


Total 
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ThuB a reinforced wail d feet thick may be conside^ equi- 
valent in cost to an unreinforced wall d x 2.83 fleet thick and the 
average thickiiesH from equation (2) becuiiies an average equivalent 
thickncBB 

1) = .00104 X 2.83hr feet 

= .00^14 X hr feet (3) 

In this [>aiicr the voluiue and thickiicMB of unreiuforced con- 
crete equal in coHt to any given volume and thicknesB of rein- 
forced con<-iH*te arc referriMl to an the ‘‘equivalent” volume and 
thickness of the latter. 

It is asHumed that th<; floor of the reservoir is com|>osed of 
concrtde 7 incheH thick reinforced with of steel and resting on 
a Nuitahle foundation of brickwork or lime concitde. The equi- 
valent volume of 1 s<|uare fttot of floor will be 

concrete .583 cubic feet 

ivinforceinent .140 „ 

Total 7723 

To this iiiiist be athled the cost i>f the excavation and the founda- 
tion inaHonry, which will vary considerably, but which may, for 
present purp«»s«-H be Itrkeii as (M|nivalent to .277 cubic feet per 
square foot of floor surface. Thus the conende in the floor, in- 
cluding reinforcement, excavation, est., may be considered etjui- 
valent to an unreinforced floor 1 foot thick. 

As has been previously stsited, in considering the comparative 
anatomy of the reservoirs, the volume of concrete in the shell is 
UBSunietl to be the amis of the wetted surfaces multiplied by the 
thickness of shell behind tlieiii. If d, and d, are the average 
thicknesses of the walls and Ibsir icspectively, the volume of r(>- 

inforced concrete is 

V 2irrhd j «■ r*d, cubic feet (4) 

If D, and D, arc the equivalent thicknesses of unreiuforced con 
Crete the equivalent volume is 

V - L’wrhl), -I- wr*I), 

= 2irhr'x .00204 hr + wr^xl.OO 

.00588 IT h®r* -e wr* cubic feet (5) 

If tO is the capacity of the reservoir in cubic feet 


and (5) becomes 
wh 


0 »«r*h 
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C 

V - .0058S Ch + ^ (6) 

dV 

lu the most ecouoiiiical rei^ervoir of capucity C, iimal - 0 

Or 

/. .005880 - = 0 • - W 

1 

.00588 

h -- 18.011 foot ... ... ... (8) 

From this it appoara that for uiicuvrrrd rriuforml conmste 
circular rosorvoira with llie walls in (eiisioii, tim iivera*go thick •> 
ness of the walls hciiijr iu proportion to the average tensile 
stresses, the theoretical eooiioinic depth is a constant fur all 
caiaieities. In the conditions assumed this depth is 18.041 ft?et, 
which for pra<*tlca‘l purposes may Ih‘ taken as 18 feet. 

With this depth of water the average thiekness of the rein- 
forced wall is 

d, .00104 I8r feet 

or in terms of (' 

d, ,00212 V C feet (IM 

From a practical point of view (here is a limit to the thick- 
ness of a i*einforce<l concrete wall hehjw which const nictiou he* 
comes dinicnlt. 

Assuming, in the raxes under consIderMtifui, that the thinnest 
w.all that can he properly I'onstrucled will have an average thick- 
ness of 0 inches, and suhstitiiting .5 for d in equation (9) it 
appears that the lowest value of for which this equation will 
hold good will be 

^ .0(>2J2 

=: 55,858 cubic feet (10) 

ItCMiU’voirN uf Kiiiiillcr <-apsici(,v will lutvc wuIIk 0 iiicbcH (hick, 
the urea of the reinforcement iKung reduced to that required to 
withstand the tenaion prodnetn]. It hsm licen found that in these 
conditions the economic depth of a reservoir with a capacity of 

10.000 cubic feet is approximuiely 12 feet, and with a capacity of 

25.000 cubic f(>et 12.5 feet. 

Table 1 shews the economic dimensions of uncovered reinforc* 
ed concrete reserToira of type A. from 41ir000 cubic feet to 
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500,000 cobic feet ca|>acity, the equivalent volume of ocmei^ In 
the abell, and the equivalent volume per 1,000 cubic feet capadty 
of the reservoir, derived from the fCregoing concltudona. 

TABLE 1. 

Economic oimbnbionb and bqoivaIiBnt volumbs or ooncboiib in 

VNOOTBBUD BBINTOBCBD CONCBBIB BSSBBVOIBB XYFB A. YfALLB WBOLLt 
IK SBMBION. 


Oapaoltr of 
roMTvolr. 

Beonomlc 
depth of 
wfttar. 

Eoonomio 

diameter* 

▲▼ernge 
thlok&eie 
of wall. 

EqulTeleot 
4?erege 
thieknesB 
of well. 

EoniTnlent 
▼olome in 
reeerToir 
•hell. 

BoiiiTftleBl 
▼olnmo 
per 1000 
en. fi. 
eapneitj. 

On. feet. 

feet. 

feet. 

feet. 

tMt. 

On. feet. 

On. feet. 

1 

a 

8 

4 

6 

6 

7 

10,000 

12 

33*63 

•50 

116 

2,600 

260 

26,000 

12‘5 

50*45 

•50 1 

1*28 i 

5,100 

205 

60,000 

13*0 

60*08 


1*40 

8,600 

172 

76,000 


85*70 

•58 j 

1*64 

12,600 

168 

100,000 


08*04 

*67 

1*80 

16,800 

»f 

160,000 


121*20 

•82 

1 2*32 1 

25,200 


200,000 


130*04 

•05 

! 2*68 

33,600 

ft 

300,000 


171*40 

116 

; 3*28 

50,400 i 

ft 

400,000 


107*02 

1*34 

i 3*70 

67,200 1 

ft 

600,000 


221*34 

1-40 j 

4-24 

84,000 i 

\ 


In calculttting the volumes in column 6 it has been assumed 
that the top of the walls of the reservoir is, in all cases, 9 inchcB 
nbove the top water level. The volumes exceed by nearly 10% 
those that would be obtained from equation (6). As Previously 
explained this discnqtancy does not materially affect the accuracy 
of fhe investigation. It is to be observed that in this class of re- 
;iervoir the equivalent volume per 1,000 cubic feet capacity is a 
!'6onBtaQt=168, for all capacities above 56,000 cubic feet. 

bebervoibB'ttpe b. walls designed as 

RETAINING WALLS. 

In this type of reservoir the pressure of water on the wall is 
conridered to be resisted by the latter acting as a retaining wall' 
ftttchored at the base. Reinforced concrete retaining walls may 
be either (a) plain walls or (b) walls with buttresses uid reinfore- 
ed panels between. The latter type is more economical for Mgb 
walla, but tor walls of the height dealt with in tMs paper type 
<a) Is dieaper and o^ Uds type need be etnuddered. Tie wall 
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either be rdnforced near the inner fece aigainet teneioh 
or' near the outer face agalnat compression also. In the latw 
form of design the thickness of the wall cun be reduced, but it . 

be found that the cost of the additional reinforcement 
required exceeds tlie saving effwtcd in the (‘oncrete. For. example. 
A indl capable of withstanding the pressure of a 10 feet depth of 
water, if reinforced on the inner side against tension only, would 
be 12 inches aide at the base, and the average equivalent thick* 
ness would be 1.5 feet. If reinforced with 2 % of steel against 
tension the corresponding reinforcement n'qnired against com- 
pression would be 3%. In this case the width of the wall at the 
base would be reduced to 9 inches, but the equivalent average 
thickness would be increased to 1.7 feet. 

For the purpose of this investigation, only walls reinforced 
against tension on the inner face need be considered. 

In Fig. 1 the resultant pi*cssnr(* of tlic water on a sti'ip of 

wn 

wall 1 foot wide, above any plane n b is where H is the 


depth of water above a b in fei't and w' tlie weight of a cubic foot 

of water. This resultant acts at a {Hiiiit ^ feet above a b and the 

,. .. . . Hi wH,* 

bending moment around b is x « “ /. foot pounds. 

tS o 

Taking «r = 62.5 lbs. the bending moment, on a plane a b, 12 
inches wide is M = J25T1, ’ inch lbs. 

H, being in feet. 


The bending moment at the bottom of the wall is 125 11 inch 
lbs. The bending moment at any plane is to be withstood by the 

moment of resistance of the steel and concrete. 

• 

Fig. 2 (a) represents a strip of the reservoir wall 12 iaebes 
lltidn. Fig. 2 (b) is the diagram of the stroases produced on the 
plane a a, b b, by the action of the neater pi^sure P. 

area of reinforcement in sq. inches 
If p a steel ratio a - 

* 12 X d. 

* 

f« a tensile stress on the steel 
fg a compressive stress on concrete 

d a distance of reinforcement from outer face in inchec, 
'nien the moment of raristance considered in terms of the steel 
lebtoroemott is 
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M, - p X 12il X f, X ji| 

= ... - (^) 

In U’riiiH of tlic coiuTote it Ih 

Mg - X k(l X 12 X jd 

+ « jkd* fe ... ... (I|) 

An MgSiud Mp juu«t b« cquiil 

IL'pfg jd“ - a jkd“ i;. ... ... (14) 

Taking fg at JLMMMMI, aa 600 and k aa *375 

p - •00034 ... ... (IS) 

I'miii tlu* diairraiii ii will ho aoeu that 
J = ^-Jk 

= -WT.". ... ( 16 ) 

The inoiiKMitH lioiMinio 

Ms - Me - 11«0 (P ... ... (17) 

from (II) 

Um (1- 125 II* 

... ... ... (18) 


It will lio s<M‘n fr<im (lai Hint tho tlioorctirnl ratio i.s 

.00!l«n at «»vc*ry point in tin* wall ainl for all tleptlin of wator. For 
tin* purposes of this invest illation it is assuineil that the 5 r\’erape 
pereentap* of reinforeenieni for all walls of this type is 1.0. 

In Fi^. l\ (a) tin* lirJii line shews the pnOile of a wail for 20 feet 
Oepth of water in whirh the ilistanee from tin* outer fa»*e to the re- 
in for(*eiueii( is, at every point, that obtaineil from thee(|uation <1S'). 
The (listanee to tlie reinforeenient from tlie ininu* fare is taken as 
2 inehes throughout. As in the ease of the >valls under tension, 
it is assumed that the iiiinitnum average tiiiekuess of any height 
of wall is 0 iiiehes. The doited line shews the inoditieation of the 
profile neeessary to make if eonform to this eoiiditioii. Fipr. 3 (b) 
show's the an»a of reinforeeimmt in square inehes r<‘quired at each 
point, and Fi«r. 3 (e) the averap' equivalent tliiekness above eaeh 

A 

point on the assumption that l>~d+ ^ where 1) is the equivalent 

thiekiiess in feet, d the actual tliiekness, and A the area of rein- 
forceiiieiit in square inehes. 

Table 2 shew's the avera^re equivalent thickness of walls for 
depths of water from 2 to 20 fevt obtained from tlie foregoinir for 

miliar, and also shews the ratio -jj where I> is the average eqlliva^ 
lent thickness and H the depth of water. 
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TABLE 2. 

AvEBAOK EgriVALKXT THK’KXKSS (*' WAM.B ANU UATUI TO l»Kt>TH W 
WATKK, BESKllVOlUH TiTE B. WaIJ.K ACfl.NU AS lUCTAlMNCi WAIJ.8. 


^pth of Water. , 

Averaao equivalent ' 

thicknesti of wall. 

Batio. 

^ feet. ; 

feet. ' 


i 

o 

, 

101 

*60 

4 

104 

•96 

G 

118 ! 

•17 

8 

1*26 

•IG 

10 

1-4G 1 

•16 

10 

1-70 : 

•14 

14 

1-96 

•14 

IS 

2-2G 1 

•14 

13 i 

2-54 

•14 

ao 

1 

2-91 I 

i 

•16 


It will 1 k» oliK<>rv«Ml timl it will ho hiil1ioioiit|j’ iiosiHy ooiToot 
to assuino that for till tloptlis of wsrtor of more tliau C feet, 

1> =-• .15 H ... ... ..., ... (10) 

As ill the ostfH‘ of ivservoirs with wniis in toiision, the equivu 
lonl ihioknosH of tho floor is lakoii as 1.0 foot. 


For {iiirpuw'H of ooiiipuriKoii tiie ocpiivaloiit vohiino of coiiorete 
in the shell of tho I’esorvoir is 

V = 2 TT r II X .1,5 If 4 wi* ... ... (20l 

Substituting r - C this becomes; 
irll 

V - -632 y'c m + J] ... 


Differentiating and ctpiating to smro 


dV 

dH 


•708 y' C H 


O, 

11 


Ti 1094 0‘/» 


(2^ 


The economic dimensions of reservoirs with walls acting as 
retaining walls, the equivalent volume of concrete in the shells, 
and the equivalent volume per 1 ,000 cubic feet capacity of the re-* 
servoir worked out from this formula are shewn in Table 8. 
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TABLE 3. 



Ecouomic dinieuHions and eqnivalent volumes of concrete in 
uncovered reinforced concrete i-eservolrs Type B. Walls designed 
as retaining walls. 


Capacity of 
reservoir. 


cubic feet. 


10.000 I 

15.000 j 

50.000 

75.000 

100,000 

150.000 

200.000 

500.000 ! 

400.000 I 

500.000 


Seonomlo 
depth of 
water. 


feet. I 

t 

6*91 1 

8*29 I 

9*52 
1033 
10*94 
11*87 
12*56 
13*63 
14*45 
15*11 


Economic 

diameter. 


feet. 


42*94 
61*88 
81*74 
96*12 
107*88 
126*84 
j 142*80 
1 167*28 

I 186-80 

I 906-40 


Average 
cQuivalent 
thioknecc 
of wall. 

feet. 


1*18 
1*33 
j 1*43 

1*55 
i 1*61 

! 1*66 

! 1 


! 2*02 
I 22-11 


Equivalent 
tolnme in 
reservoir 
sbeU. 

onbic feet 


. 2,900 
5,900 

; 10,000 
I 13,800 
17,100 
> 22,700 

I 28,800 
i s39,400 
I 49,400 
i 58,500 


voloin^''. 
per 1000 
eu. ft. 
capacity. 

cubic feet. 



290 

236 

200 

184 

171 

151 

144 

131 

124 

117 


Fig. 4 shews graphically the economic depths and .equivalent 
volumes per 1,000 cubic feet capacity for hotli types of i-eservoir. 
It will be seen that up to a capacity of 112,000 cubic feet it is 
more econoiiiiea] io design iiiicorei-iHl reM-i-roii-s with wails in len- 
sioii. Pur ]arg(‘i- rsriwt-itii's it iHS-oiues more et-oiiomical to desigu 
the resen-oirs with walls acting os retaining walls. 


CONCLUSION. 

Several Interesting points are brought out by the foregoing 
investigation. These may be summarised as follows: 

(a) in circular reservoirs, with walls designed to resist the 
stresses caused by the outward pressure of the water wholly by 
the tension on tlie hortsontal reinforcement, the theoretically 
correct ratio of the area* of the latter is 1.73^% of the verti<^. 
cross sectional area- of the concrete at all points in the waU bdow. 
' top water levd. 

(b) the theoretical economic depth of wat^ in an uneovered 
reservoir of this ^pe is a constant. In the conditions assumed 
in ^s paper, this constant is IS per feet tor all reserndn 
56(000 cubic feet capao^ and over. 
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f in .j%serr(4ni of smaller ca^cif; the tbeoreticiU wma^' 
tliiclm«»a of the walls becomes too small for practical cottstint^. 
tiott. in these cases it is assumed that the thu^ness of the iliQ . 
is maintained at the minimum considered permissible (in thhi. 
paper taimn to he 6 inches) and the ratio of reinforcement to Vim* 
erete reduced. 

(d) the. economic depth is then not a constant but dimlnishea 
to some extent with the capacity of the reservoir 

(e) in reservoir walls designed to act as retaining a’alls it 
is more, economictil to itMiiforce near tile inner face ugaiiist ten* 
sion oui^', than to reduce tiie thickness of tlie wall liy rainfondng 
also near tlie outer face against comiircssron. 

(f) ill tliis tyiie of wall llie conin-t ratio of iiwa of vertical 
reinforcement to horizontal cross-sectioual urea of concrete, when 
reinforced against tension only, is •!Ki4% at evciy point. For 
practical puriioses tliis is taken us 1*0%. 

(g) on tills uKHuniptiou the tlieoi'eticii'l economic depth of 
cinmlar reinforcwl reservoirs .with walls designeil as 1‘ctaining 
walls is given by the equation, 

H * C‘/‘ 

Where H is the depth of water in the reservoir in feet and 0 
the capacity of tlic rewrvoir in cubic, feet. 

(li) from the taldes and diagranis in tlie pajter it will be 
wen that for reservoirs of capacities below 112,000 laibic feel it is 
more et^onomimU to design (he w'alls to resist the thrnst of the 
water by means of tlie tension in the ■ lateral reinforcement. 
Above that capacity it is more economical to design tbotw ag 
taining walls. 
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DISCUSSION ONv 

THE ECONOMIC DIMENSIONS OF 
REINFORCED CONCRETE RESERVOIRS. 


Mr. 0, F. Wamxin remarked that the writer of the paijcr re- iir. o. f. 
eouimcuded a circular tank of more tliaii 110, (HHt eft. to be deaiga- 
ed with walla aa canlilevcra iixtHl at the baae. Hut it was quea- 
tiunable whether it waa advisalile to deaign am’ii a tank with 
cantilever walla without auy provisiou for buratiug. According 
to Dr. Iteiaaner’a theory, which waa ctmaldered to be the moat 
up-to-date themry, there uniat be buratiug preaaure iu the wall of 
a tank, uiileaa the diameter waa iutinite or height waa aero, which 
waa practically absurd. It had Imen assuniHl that the coat of 
abutteriug waa I'onalaiit for all diinueters. Hut it had been reveal- 
ed by practical e.xperieuce that for circular tanka the coat of 
abutteriug was iiiverndy jiroportioual to the diameter of the tank. 

For a cii-cutar tank the mariu trouble would be to tit in the 
planks to the protile of the [K*riiuetcr. The amaller the. diameter 
the more was the difllnilty. Also there was trouble in tixiiig and 
laying atwl to the curvatuir. which meant extra coat. Wheji, 
however, the timk waa very largit, for a ainall length, say 10' to 12', 
the eircuinfeivnce waa practically atmight and there, was no 
dittinilty iu placing shuttering or stH. It bad been aaaume<l that 
the concrete to be uaed waa 1 :2:4, but it I’ td beim found that a 
mixture of 1 or 1 waa reipiired to enanre watertight- 
nesM,' which meaut the niorci one aavml in the concrete section the 
mor(‘ economical the tank would be. In n> 200,000 gallon tank 
(overhead oiftagonal tank) the actual I'oat of ahiitteriug was 
Bs. 4,025/- and the actual coat of 1 concrete waa 
Ha. 5,280/- baaeil nii Oarlnitta price, ao the price of ahnttering 
was not equal to that of oonende aa aaanmed. It waa also im- 
portant to allow for proper auiierviaion, which would lie a much 
gnmter fiercentage of the coat of aniaU tanka than for large ones, 
eapecurlly if the tanka were situated a long way from the head- 
quarters of the contracting firm. 

Da. M. A. Koeni remarked that the limitation of streaaea for ur. ii. a. 
circAilar tanka— 175 lbs. per square inch in concrete and 12,000 lbs. ***■*• 
)ier aqnare inch in steel could not be coiisideM as a helpful proposa? 
towanls economic dimensions of reinforeld conertste reservoirs. 
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lu order to Im> eranonimil, the deoiguiiif; of reinforced concrete 
rcHcrvoii'H would have to follow the wtij irlready adopted in Enroiie 
of the general progrt^w* of <»I>taiuifig a eouerete of high nltimaite 
HtieiMeM. ]jet the htresKeh obtainable in rubeH after 28 days for a 
conerete of dilFeieiit ultimate htreshen la* tubtilati'd and called 
t’lib. 28. It auh foiiiid that a i-eMM'^oii* eould l>e diadgned adopting 
axial teiiKile htivbMes aa sbowu in the table lieiow, without fear of 
the deielopineut oi aiij deseidption ol eraeka eauKiug couaequeiit 
leakage. Aa a gi'iieial i ale the axial teimile MlreaHeh HA ahoiild 
not exewd 1/b «ali. *JS and iMMiding teiihile stivsHea Hb hbonld not 
exemi 1 r» eiib. 2K. 


Ultimate Axial Tenaiic Bending ten- 
stress cub 28 srresb. SA site stress Sb 
Lbs/sq inch Lb^/sq. inch i Lbs/sq inch. 
Cuba 28. SA Sb I 


Admissible 
RinK tensile 
stress. 

A 


Admissible 
bending rensile 
stress 

A 


3.600 

378 ]b«> 

TiUO 

3.000 

3.31 „ 

iW 

4,000 

445 

800 


180 lbs 360 Ibb 

200 „ 428 „ 

280 „ 870 „ 


A 1,0IN) lb. (onirele na^ ea*«il,> obtaiimble in India e\eu in 
held eonditioim. Tliewoiking stiesK in sIik*! taken uh 12,000 il>^. 
|H‘r aqaare iiH'li MH‘iiied lobe \ei\ lo^\. On the ('ontinent the 
Mtii'MH ill atiH‘1 inlojiled >\as 1200 KIg ciii'' iniiieb waa e<]ni\aleiit to 
17,700 Iba. pel' Mpiait* iiicli, ni sa\ IS, 000 ibh. pei Mpiaie inelt. 
Alomiver, the praetieul side «»f dehigning liad hiiowii tluit an,\ 
working teimile hli'eav had >ei,\ little iiiHiieiiee on the eoiici'ete, 
whieli would lie pro>e«l inter. Thereloii* tlie following htreKHet< had 
to la* coiiaideretl in designing a ieM.‘r\oir in ivlnforced concrete 
witli eeoiioiuie dinieiiNioiis in y iew'. L(>t tw'o kinda of design be 
nldei-od. Fiintl.v, when the leuhile htresh in concrete W’as in 
ndlnlKtiiitioii with the teimile atroHN in steel. Thia meant that 
the total tensile force of the i-eservoir was partly taken np by the 
eouerete. Ilem*!' a eraek in eouerete nieaiit a general weakening 
ill eoiiatruct’ou. Hmindly, when the total force wan taken by the 
ateel only, negleeting the atreaa in eouerete. This meant that a 
crack in ctnicrete did not eunae weakening in eyatem but leaking. 
In the first case 

f concrete «» ^ and in the second ysteel « • 

yniere 

f eouerete = admisaible atresa in concrete, 
jf steel adm le stress in sted. 
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T » TeuHile force in ring or ring forre. 
cl « average thk4:neKH of wall of rt?sm*oii\ 

Ag ^ Area in steel. ^ 

• As case II was not iu*eeptablc hi deHigiiuig rcdiifon^ed con- 
crete tanks, a combination of tlie two tiHHiiiiiptioiis iiiuKt be con- 
sidered mid the two forinnla* combined would molt in a hIivsh in 
cMnicrete. 

/ T 

Concrele - - 

bd + ‘ 

y* steel 

and from this foriimla the average^ wall thicknesK woiiltl bo cHti- 


iir« It a. 
Kmt 


'!« f it — IS f con 
uialril at d= x ^ — —i - • 

" f con X f **eel 

From (liiK it would Im* s<*<‘ 1 i tliut tins i*ronoiiiic vuliu* of ii rimilur 
tank, .win'll tin; roHt of roiirreti* iloiiiiiiati*il flu* roKt of Htwl, woiilil 
III*, fintirulj' dependent on tiu* workiiiK stii'KK in Ktwl mid tile 
udiiiiKHilile KtTi*HK ill «•oIl(*rele. Dr. Koriii uIno eoimidejt^l 

nwlf) to lie 11101*0 apiiropriute for the i-i’amm that the relutiou of 
the elastic* modulus in stwl and eoiicrete in liidiu* U’lis nean'i* to 15 
than to or 1*2. If the construction of a l•eservoi^ was in the Jmnds 
of conscious supervisors who eoiild make a dense conereUi witli- 
out air holes, and get a steml,v uiiifoiniify in ultimate slreiigth from 
JjtItMl — 5,000 lbs. per Mptare iueli, even llien it was not advisable lo 
go Iielow the above lignii*. lie l•eferre«l to llie paper b,y Fi*of. B. 
Loser, the world famous designer of tan](|^ v liieh was printed in 
Berlin in 1933. As i*egar<ls (he effwt (In eonerete by streHsihg 
steel a numerical example miglit throw more light on the subject. 

AsKUiuiug a liS iiirli stri]! ‘*b'' of a drenhir reservoir was 
loaded with a tensile force T - 4O,0tAl lbs. and the average cuImi 
lest in 38 days showed an ultimate stress of 4,000 lbs. The ad- 
missible ring tensile stress as in Table above would lie 380 lbs, per 
square iheh which could 1 m> eoiisideiml as safe, lie assnmed a 
woticing tensile stress in steel - 1H,000 11m. per square Inch which 
wias also admissible in India. The area of steel for design in 
ease Ko. 2 where the total stress was transferred to sttel only 


wonld be calcolated to -v 


40,000 


'j9;(RliO 


:i2'2 inches^ 


40,000 , 18000-15 x 280 

d* -nBr mi mr 
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For catie I the total Htreae in eteel would be only 15 x 280 or 
4,200 lbs. per square inch. 

Due to the stresH the Hpecilic etrain in steel 


/•* _ A/ . '^»200 

E “ r ;{0,ilHM>,0()0 


000014 = 


1 

7,000 


AatiUHtiug a working tensile stress in steel equal to 12,000 lbs. 
per s(]uure inch in this case 


As 

d 


40,000 

12,(MM) 

40,000 

12 


- 2.85 mpiare iucii and 
J2,(M)0- 15x280 

'280 X 12,000 ^ 


Here also tlie stress in steel ^st. - 15 x 280 = 4,200 lbs. per 
squai-o inch Hiid the speritic strain -0.00014. 

III hotli i-awH Mm* siktIIu* Htniiii, .whir.h hful an inllneiice on 
Mm* n»non*ti*, wjih Mio same hiil due to tlie aecei^taiue of a low 
tensile sleess in steel the author had inereased the steel area from 
2*5 square inehes to ;i.r> square iiiehes^ whieli was not an eroiMUiil' 
eirl proposition in the <*ase when the nist of inereasin^ the amount 
of steel dominated oven d<*eri‘aseil eost of the thiekiu*ss of the wall. 
Takin;i: the results iii eoiierete stresses with the ditl’ereiit ad< 
iiiissilde stresses — 


in steel --- 18,00t) Ihs/sq. iiieh, ... ... (1) 

ill steel - 12,000 Ihs/sq. iiieli. ... ... (2) 

it would he seen tliat iu tlie lirst east* the area of eoiieirle 


Ac - 9.1x12-109.2 »q. in. 

and ill the second = 7*7 x 12'^ ^ 921 square inehes. 

. 40,0(HI 

(.1) ^concrete - 15 x 40 000’ square inch. 

ltW-2+ 

, 40,000 

(2» j" cnucrete = 45x40 (MKI I'®** wjuare in. 

12,000 

This showed that it «lid not matter if the working sti'css of si eel 
woiv taken as 18,000 or 12, 0(H) hut it pntved on (‘coufttiiy in steel. 


In the paper the antlioc named ‘‘T” as total tensile stress. In 
reality T = Aren x stress which was a force, therefore T should 
be, in the spendccr’s opinion, inserted as a tensile force. 
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Tho uutlioi* guvc only two vlaHKilinitionH of similar tmika. Or. ii. A. 

Korul. 

A. IteKorvoira doaijjned to lake up tho lairKliiijr strt^aaoa only. 

R. ThoMO taking np iK^nding 

Although it looked very aiiiiplo, it was not in aoeordanoo 
with the fdassitioations done liy onginoors in ditfomit I'xinntvies. 

In tho last dorado a very oxaot tlu>ory had Iwhmi laid down by a 
fainouH onginoei* Prof. Doctor Eng. Mtillor Rrcshui and fnrthor 
dovelopod by Dr. Knngo and Dr. UoisHiior and tho Italian ]*rof. 

Pinotti. There was a strong virw that a cinMihir tank was subjK't 
to laaiding strossos and bursting or ring stivssos as well and only 
special diinonsituis <*ould partly oiiiiiiinito one of tho two strossos. 

This cliniiinition do|N*ndod on characteristic factors of a reservoir 
iianiod K which was 

121l‘ 

K (Vide Figs. Xos. 1, 2 and II). 

(?)’ 

Tho factor K decided whore tho distritaition of pressure wised 
to 1 k 5 tw'o Avay and beciuao one way, eitlior in the dirociion of 
horizontal rings or in the vertical direction. The limiting virliio 
<if K to dfderiiiino this was K x Jtiid K O. When 
K = (), all the pixissurc was taken in tho vortical direction and 
when K"‘ flc prffssnre was taken ep by horizontal rings, 

but both the cases wore practically absurd, as II ninst be zero 
for K to be zero and D must Is^ zero (and II infinity) to nuiko K - 
X • ilenco in all cases both the strossos were present although one 
was pretlomiiiant over the other. Therefore it would not he theoro 
tically correct according to Dr. Keissner^s theory to iiegleca one al- 
together as w*as awHtiined by tlie author. Taking a coiuTete example 
from table No. 2 of the jjaper—a reservoir of 15' depth, diameter 
205' and thickness of wall 2*2' bad K - 30. Although the strt*ss 
W'as practically taken in the vertical din'Ction, there was a lot of 
bursting pressure (which de|>eijded on water pressui'e and dimne- 
ter of tank) to warrant steel in horizontal direction. When the 
steel ill the horizontal direc'tioii was added to the tahk « 
it would not be economical. Also more reasonable thickness of 
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tlie wall was obtaineil by Dr. ' Ileissuer’a method. The same 
reasoning applied to table No. 1, where the tank walls were' 
designed for I)nr8tiug pressure only. Eo in the speaker’a opinion 
it wan nut the diameter of tanks that should classify them but 
the value of K. it might be of interest to mention the 
ciraular r•‘Ne 1 Toirs of different dimensions built in various coun- 
tries wliieli niigiif. is* eoiisidereti sis classical types as they had 
undergone a strong euni|>etition. The appended talde might also 
lielp tlie designers to wdect the right dimensions of a resen'oir 
when dealing with the e^tsl of it as the tliick-walled reservoir indi- 
enti'd here Uiat the cost of st<‘<d was prohibitive. 



„ Conr. 

Diam. 

Height 

No, 

ill 

1). 

H- 

j 

1 

1 

galloafl. 

s 

feet. 

1 

feet. 

i 

1- 

I 16,300 I 

1 

13.0 

2. 

1 22,400 ' 

10.4 

17.0 

3. 

.HI ,200 

10.1 

! 18.0 

i 

4. I 

SH.iiOO ' 

!3).4 

10.8 


4a,ij(K» 

. J«.4 

22.0 

«. 

.')(),000 

20.5 

20.3 


66,000 1 

! 38 

15,4 

8. 1 

66,000 ; 

29.0 

15.0 

1 

9. 

07,000 ; 

2i>.G 

10.8 

10. i 

67.200 : 

30.0 

18.7 

11. i 

67,000 1 

26,0 . 

20.4 

12. i 

67,200 j 

27,5 1 

18.4 

IS. i 

78,500 

27.0 

: 21.7 

U. 

1 112,000 

29.6 

1 22.4 

16. 

112,000 

87.2 

: 16.5 

16. 

136,000 

8' 

41.0 ! 

i 

! 21.4 

t 

17. 

135,000 

34.8 1 

1 -26,2 

18. 

1 224.000 

33.0 j 

i 

42,5 


Wall 

top 

thickness 

inches. 

Thickness 
in the 
bottom, 
inches. 

In the 
middle, 
inches. 

4.25 

4.75 

4.6 ** 

(S 

G 

G 

7.25 

; 5.5 

4.85 

8 

8 

8 

G 

8 

7 

4.25 

G 

5.12 

6 

7.12 

6.55 

4.25 

1 

: 8 

6.12 

4.25 

: 6.75 

5.5 

4.25 

7.12 ! 

5.68 

4.25 

: 6 i 

6.12 

4.25 

; 4.25 

4.25 

4.75 

ao 

6.37 

4.25 

i 7.12 ! 

5.68 

5.5 

1 

6.81 

6 

1 M> i 

8 

3.25 

; ® ' 

5.^ 

4.25 

; 10';- i 

7.12 
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i 

No. 

Cont. 

in 

^ gallons 

Diam. 

1). 

fwt. 

Height 

H. 

feet. 1 

1 

Wall 

top 

thickness 

inches 

Thicknesa 
in the 
bottom, 
inches. 

' Korol 

In the 
middle, 
inches. 

19. 

224.001 ' 

:i0 0 

I 

‘ j:o 

ai.2:* 

12 


20. 

224,tHX> 

42 0 

20 0 1 

;i 2r» 

irr, 

10 sr 

21. 

224,(XKI ' 

10 M 

20 0 

7 


1 20 02 

22. 

j 

44A,<KNI 

1 

:d s 

1 'Mi 0 

712 

li.'i 

20.81 

28. 1 

1 44A,<KI0 

to 0 

420 

00 

23.2ri 

14.12 

24. 1 

: MH.OOO ' 

K>2 1 

20 0 , 

8 

]4.2:> 

ii.ri 


111 rqily 14» tin* loiiuii^lcH of Hr. M. A. Komi iiihI Mr. U- F. ni«AntliQ 
Wiiltoii ilio iniilior saiil Hint Dr. Korni iuul tnkrii exception to 
tile liniitntion of strenses in the pniier to low tiguren. Thft 
nntlior iinti puriMisely kept them low lieiniiM^ ir long exiHM'lenee 
<»r Imlia hn«i Miewii him that it won iinsnie to n^ly on n Htnmliml 
of workmaiihliip <iv niaterialh in that eountry eomparirhle with 
tliosf* that uinhl he (lepeii(le<] upon in Knro|)eaii eoiintrieti. 

Dr. Korni had gi\en an intereMiiig diaquiaition on the (lehign 
of leiiifoired eoiierete tank^, hut he had not siiggi^ated any 
alternative method of arrhing at the reaiilth whieh the 
author had reat'ln^d, nor had he prmlneed any evidenee to 
shew that these were seriously inaeniPite. The fact that 
other engineers had uaed other chisaitieationa did not prove 
that the author’s were not sixind. The extreme divergences in tin* 
ratio Height Diameter in the table given hi him led one to 
Kiipimso tliflt wtinc ]tt nil ok'hIh or tlio n'W'rvnirH iiiiMt 

lifen deHtgiuHl oii an tinmaiuraic iMiNiN. It wiw not ntoled 
whether the tankn were open or rovei'etl. In the latter caw 
the eeonomic depth became eonniderahly greater. In any cane 
however it waa. impoaaible to conceive any eircumatanorit whieh 
would make a diameter of .111 feet and a height of 42 feet 
econtmiical for a timk holding 224,000 gallonn. 

Both Br. Korni and Br. Walton referred to the fact tliat tliere 
waa KtHHO biiwtiug preaanre in any circular reaervoir. Tlndouh- 
tedly lliere waa and there jren alao verticadl atrenaea in a tank 



ir.2 TIIK INSTITUTION OP ENfllNEEKS (INDIA). 


Author, built to withstand the water iMWiii'e by horizuntal tension 
Hecondury reiuformnentM would Im m|Uii'ed in the first case ii 
the horisontai, and in the second in the vertical direction, l)ut tbesf 
would not seiiously affect the author's cundusions. 

Mr. Waitoii also r(‘ferred to the fud tiuit the cost of shutter 
ing would not ts! constant. The autlior was awara of that fact 
lint t(Hik what he considered an average. In Mr, Walton’i 
exani|ile the ratio of cost of concrele/shuttering was !/.”», whereai 
the author hud taken it as unity. The difference was not verj 
serious. 





COOLING WATER FOR 0tESEL 
ENGINES 

BY 

GOVERDHAN^ Associate Member. 


Tho subject of tills paiier ilors not lay any claim to 

original rm*an*li work nor docs it einliody intrirate niutbeiimllciil 
tcriiiiiiolo^y ainl ahstract t luMirizatioii wldrli is iinffirtiiiiatcly or 
fortiina*t(dy a IVatiirc of many fif tin* articles a|»|>cnrin£j; in modern 
journals and wlilcli arc, as sucli, of very little iitilitjT 
to tlic hiisy practical man in tlic field of operation. AmoiiKNt other 
things dissemination of uscfnl iirofcssional knowledge whtek will 
licl]) flic engineer in tackling Ids diflicnities in the working, Is one 
of the iiiijiortaiit ohjects of a^iiy article or review and this brief 
survey on one of the most jinportaiit suhjeetH to the Idescd 
I0jigim*(*r keeps the above view in the forefront. 

It is a w’cll know n fa<'t that for proper cooling, cylinder heads 
mid jackets and in <*erUnn cases, pistons ai.d exhaust valves, etc., 
of Diesel Kiigiiies must get a plentiful supfily of imioI soft W'ater at 
a suitable jiressure head. Ibid cooling water may be classitied as 
foliow;H ; — 

(a) Hard or scale forming water. 

(b) Muddy water containing sludge, sand or slimy matter 
In suspensiou. 

(c) Corrosive water. 

AVaters such as (a) or (b) will deposit scale or mud and 
sludge w*)iich will seriously interfere with the transfer of heat from 
the mass of engine eastings to the jacket water with att4«uduiit 
troolmles of knoi^king and overheating, t&acki tig of cylinder beads, 
and, in the extreme cases, piston setsore with all its consi^queiices. 
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cuuHii^; of the liner IxMly will dentripy the lilju of oil 
between llie jiiHton nnd the liner woIIk, iinn 4 niukiug the contact 
^'iiiettil to jrietul/’ If thin condition Ih siIIowhI to continue for 
Hoinetinte f»iHton mdzure will Ik* the rcMult an<l every onafiin^er 
known what it tiieuiiH. To avoid or iiiininiixe the rink of above 
troubien |M*Hodical examination of the cylinder heailH and liner 
dflcketa Hhould be made and any K4*ale depositK and mud nmioved. 
Ilemovai of ncale In a proeeaH \vhi<*h deHcrvcH detailed treaitmeiit by 
Itaelf and will be diHcuNml fully brier on. JlepoNits of mud and 
aludij^e are amenable to simple ilnshiiifi; w'ilh water, preferaldy by 
means of a hand pump iw slaiwn in sketeli A. 



Valve A on the common cooling water outlet from the engine 
cylinders should l)e kept idosed, while Valve C should be closed and 
o|>ened alternately to allow the W'ater t4» agitate and shake the 
dei»osils liefore passing out to wnste. The hand pump may lie 
fixed on a wall or pillar sumew^here near the engine, or wherever 
convenient, with its delivery pipe conncKited to one of the cleaning 
doors on the cylinder ctover, and the suction pii)e leading to the 
' water. * * 2 

' • j * 

Chemistry of HwA Water, <Hard water’ oontaioa caldnai 
or nmguecdiun aalta in aolntion, tbe amoiutt of than preaiBKt - 
detemtniiig the “degrw of hardnrM*.’* Hard water does not ^re, 
lather with aoap, the ealcium and nagtiealnin. mltB comldni^ with ' . 
Ihe fatty acids of the soa|p|& form insolntde oompoands, IHie " 
deetMjrinK power of a wrtatn . water ^ jut jtetUcatton otita. 
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hardness and the extent or degree of hurdiu‘SN is expressed }h. 
I^us per galloii of Oaleium t'arlMiunte or its H)Uivnlent present 
i^one gallon of water. llardnesM is of two kinds, Hs . : — 


ta) Tempitrar^' hardness. 
(In IVrnnnieiil hardness. 


‘Teinporarv liardiiess’ is ••ans<*d hy the pivsenee of caleinm and 
niagnesinin hiearhonates. t'allt'o, and MgIK'o,, triid is removed 
by boiling, the Inearbonales getting preeipilateil as insolnlde 
earlwnatw. 


“Permanent hardness” is caused by the pi’eseiioe of etriirliiin 
and inagnesiuin snlpliales, chlorides and nilrales luid is not 
r<‘inoved iiy iHuling. 


Mcanure of Jlardncxx ; The bicarlaniates of lime and inugnesia 
make water alkaline t<i indit’srtors like methyl orange <tr ulisarin 
imstti. The amount of acid I’oqnin'd per gallon to make the W’liter 
nentnri is a ineasnre of te-injsmiry IniiMincss and is expressetl in 
grains jier gallon of <hi Oo, innsled t4» combine, with if, the figure 
(has obtained being termed temporary hardness. Temporary 
hardiioHs is thus the alkalinity of water expresmsl in grains ))er 
gallon of calcium carbonate (t'at'Uj). One. degrett of hardness 
means one gi-ain of caleinm carbonirte i)er gcJlon. 


On the other hand, if alkali is added to water eontaining the 
more Ktithle forms of (hilcium and Magnesium like Hnlphates, 
Ohlorides and Nitrates, the bases forming these salts are 
' precipitated, more or less alkali i)eing used up wliieli ejiu im deter- 
mine by an acid test. Thus it is possible to determine the alkali 
destroying power of these salts in a gallon of water and expi^ 
this in terms of their equivalent of lime Carbonate. The figure so 
obtained is Permanent ilatdness. Permanent hardness is express- 
ed in degrees per gallon) one degree being the equivalent of one 
grain of Calcium Carbonate fwr gallon. 

Compoaition and FormMon. Scale as found in the 
water Jackets M a white atuny depom of granular consisjteney 
consisHng of the predpifated Ca and Mg sadts, viz., ChiOp, and 
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Mg Co,, rotiUined in Iianl (tooling wati-r whore such is allowed to ^ 
circulate. This s(;ale is of vu'rying tliiokness according to the time 
given it to build i]i> undiMturbed. It adheres to the walls of water 
Hfarr^es as sluiwii by the sketch iadoAV. 



EXAMPLE OF SCALE FORMATION. 

The formation of hard scale deposit in the bore of this pipe has reduced its 
effective diameter from 6 inches to .1) inches and its effective section from 
approximately 28 sq. inches to 10 sq. inches. 

It is a sigiiifjcaiTit faivt that hard or scale ftarmiiig water is as 
harmritl to iiuni ats to his machinery. In niaui tlie drinking of hard 
waiter contributes to the de|>oHition of sailts within the arteries, 
luirdening them and (lius reducing tlie passaige of blood circulation 
to produce a condition kuov;ii to iiiediciiie as “arteriosclerosis.*' 

Similarly in Diesel Engines or any water cooled engines for the 
matter of that, the foriimtion of scale besides retarding the 
transfer of heat, also reduces avnd ultimately chokes up the avail- 
able water spaces, the iiett result in either case lieing the impaired 
functioning of the entire system. ‘‘A inafni is as old as his arteru»s** 
is a saying well known to the medical profession and if the scale 
once formed inside tlie jackets w'as imfKissible to remove etfeotivelj, 
the Kii^inem* might as well say *\\xi eii^ne is as old as its water 
Juckets.V ^ The remedy too in either of these eases is identical, 
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vig.j the cleariog awaj of hamfnl depoeite bj euitahle eolventa. 
Scale forma aa follove : — 

(ar) Bj' decom]) 08 itiou — aud MgHOo, or Calcium 
and Magucaium bicarltouatoa ladiig broken up and 
CaCo, and MgCo, or Calcium and klagnt^Kium Curbo- 
iintoa thrown out of aohition. 

. (b) By decn>nHiiig aolubility — Cnli-iiiui Sul{>ha(e in extwaa 
of 10 graiua per gallon iH-iiig thrown out at high 
teiniH*nrtures. 

(c) By concent rat ion through evaporation— it’Kidiia I qtiuu- 
tith‘8 of vnriouK Holids in Koliilioii being thrtnvn out ua 
the Hfdutioii reucheK the Kiiturutiou point for one. The 
depositK tlniH forniml are of different tyiM*H, w»ft and 
aludgy uiieii ('artHtnatea ant pi'eaent, hanl and eiyatn't. 
line in euae of f'aleiiiin Sulphate. 

Other KiilmlaoeeH like FcO. .XV^Oj. Sitt^. -Vlgel„ (Nael in nnse 
of aea-wjiter) are also pi-ewnt. 

Briefly atated, the i'vila of aeale foiniaiion niaiiifeal lhi*nia<dvea 
U8 followri : — 

• (a) Overheating, reaiilliiig in eraeked piatona, and other 
pirrfa expoaed to eonihnatioii. 

(bj Craekwl cylinder iieada. 

(c) Bupid liner wear. 

(d^ Tendency to piaton K(*i/.nri>a. 

(e) Power reduction through diaforted virivea and aeafinga. 

Ueinediea for the above troublea fall iilidi-r the two main in'tida 
of prevention and cure, jind ‘pm-ent ion ia alwsiya to las prefemil 
to cure.’ 

(A) Prccentitc Mcnituren. Where atari ia made with clean 
dacketa, aa for exani)dc, with new* enginea, and one ia lucky enough 
to get soft w*ater for n«e, there ia nothing nnich to do extept 
t>xaniining the .fackets at ix'gular infervala, my every thr<>c nioiitha, 
and fluahing w*ith clean water if neceaaary. 

('ertain waters although they look quite clear de|>r>sit sand 
and slndge and hence the necessity for periodical inspttction. A low 
w'ater outlet temperature from individual cylinders does not 
always indicate that the cooling ia efficient. The jmrts may ht! 
getting overheated in spite of the outlet water keeping cool, 
because deposits greatly retard heat transfer from the mass of 
castings to the cooling water. 
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Ak ill the outlet water teni{ieratai*eB alao point to 

iiiu^iual loading, it in to be earefully iiac^ierUiiued in rasea where 
one or more eyliiiderH ahow higher teiiiperntureH whether the 
ii|»|>arent teiii[>erature riaeB are really a symptom of acute 
foniiutioii. 

II. When the wat«‘r, however, is siispeeted to lie very hard, or 
lit siiiy nite iiiodenilely so« the etigiiM;er would be well advised to. 
taekh; tin* problem of softening the ssuiie in a systematic way. 
The best plan is to get a sample of water eheiiiii'ally analysed and 
to bam^ the softeiiiiig [iroeess to be adopted on the results of such 
iriialysis. Any haiiliaKard methods, viz,, the daily addition of a 
Mifiail aiiiouiil of Noila ash, a^s done soinetimes, are likely to do more 
iiarm than good, as iiisfead.of reiiioviiig the objectionable salts from 
solution, the soda ash will j^o to increase! the concentration 
thereof and thus make matters worse. 


Vhruiiral Amth/xis of Tuhv UV// W utvr. I>». ItMli Dec. 
f.'Oio/WioH of irntrr at iiair of naatyfiia: 

Appearance . . . Slightly turbid. Odour . . .Nil. 
Sediment . . . Trace. Iteactioii . . . Alkaline. 

I{r,sa(l,s i'rfarf*xrd in fnirtx per HH).(NMK 


Mlavral Anali/sijf, I /Vo/aitdr iUmipoxitian uj 

Total Solids, 


Total solbls derived 

at IKPl’ 

i lei mil ( ’ll r bonale 



= r.r*.i2 



Aikirliiiity tt« Oal- 

Magnesium Carbonate 

= 0.34 

viutu CiirhtHiaU; 

- ;w.K 

Magnesium Sulphate 

= 4.26 

KUiort 

- 2.«4 

MagiieKiiim (Chloride 

= 2.12 

0.vitl«‘ of ti'ou unit . 

Altunina 

Sodhtiii Chloride 

= 2.08 


» «.24 



Iron a« Fts 

« 0.084 

Oxide of iron and Aliimina 

A AM 

Uiii« (OaCM 

• in.5a 

• 

SI 

Mftgneida 

« 0.78 

Silica 

» 2:64 

Snlpbates (i^.> . 

« 2.S8 

Potaminia Nitrate 

« 6JiO 

Ohloridea (cl) 

« S.84 



intrateg as KNO, 

» 6.60 



FnK^HptrtMMite axsid 

- 1.67 
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Sardiie»« in grains per galton. 

Total llnrducBs » 31.2 

Temporary Hardm*»K =‘27.2 

rermanent UardiiesH - 4.0 

TuIm) well waters demand special vigilaiiei' in thto 
nwiiect. They are ofllen not only exwplionally liawl lait 
corrosive in nature. The furefsuing reiKirt on tin* ana lysis 
of a typical lube well water which the writer ipit 
anaiysefl for his engines is »|uite iiilert*sting It will bt* noted 
that the percentage of free^arlMmie acid gas is J.U7, and this is 
likely to be much inuiH>, when the water is fi-esh. The peiveiitage 
of ^Igl-'l, is 2.12. The pn*BeiH‘e of tlii'sc two subslniiees iiurkes the 
water quite cornisive. 

When a water.is (jard it may be soffeiusd in one of the 
following ways. 

(a) The Lime Soda or “tMirrk's i»rm-<W’ of softening for- 
Ululated by Dr. t’lark «lver seventy years ago relies on a definite 
chemical reaction lictwecii the l•ouslituent■s of the hard water and 
a i*eag(‘nt which is added. As a I’esult of this rt*action the ‘‘baril” 
constituents are preclpita1«*<l and allowed to settle out- of the 
water, the linal prodmd. being filtered to ensni’o i»erfect clarity. 
The process, being very <‘oinmon on grounds of cheapness is us 
follows : — 

I'ure hydi-ute of lime, ».<■., slaked lime is added to mnove 
eniponiTy hardness Avhich converts the Koiiibie l{lcHrlw)nuti*s into 
jisoliilde < 'arlsuiates. These latter gi*t pircipitated. 

rtodiiim (^irbonate or ‘soila ash’ is used to combat. '‘I'erimr 
neiit Hardness” where it is suniciently higli to warriiiit removal. 

The nature of inactions is as follows 


ID 

Ca 11. (Oo^), + 

. t.’ 

+ H o. 

2 

1-’) 

Mg 11^ 

Mg Co 

+ (Ja Co . 

(3) 

Mg Co, + Cao 

Mgo 

f 

+ t^srtki . 

{ ■ 



V 

W 

Ca SO. + N«, Co^ 

Ca 1.^0 

t Na Bo . 

9 4 

(6) 

Itgca, + Cao 

MgD 

+ Ca Cl^. 

w 

C» Cl. + Ka, Co, = 

9 MM 

Ca Ca>^ 

t 2 Mu 01. 
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To determine the exact quantitiea of the reagents necessarj 
tbe following teats may be made. 

Lime or Vao : riuec 210 ec of simple in stoppered bottle. 
Add lime water of known Htreugth in ex<*eMs, shake the mixture 
well for about two hours, settle or filter and pipette off 70 cc. 
Titrate with N/IO llcl, first using pheiiolptliaieiii as indicator imd 
then methyl orange. Deduct the difference between the two from 
the figun^ o1>taiiied in the phenol ptbalein titration. The result 
gives the lime in excess of what is actually required. 

Soda or \a^ Co^: IMace 70 cc of sample in a f»latiiuim bitsiii 
and add excess of N/IO Na^ (Ni,. Evaporate the sohilion nearly 
to dryness, dilute slightly and then wash the precipitate with free- 
irir water. Determine the excess of sisla (^irbonate in the 
lilteratc by titration with N./IO So^ (Metliyl Drjmge.) 

In practice, liowever, every engineer is either not a chemist 
or does not posst^ss a well etpiipped chemieal laboratory at his 
disposal to carry out. the abim* tests and it is best to leave the 
matter in the hands of the linn analysing the sample of water. 
The «‘xact amoiinis of the two reagents may then be known and 
added daily according to individual reqiiircineiits. Alterinriively, 
a firm of water treatment s[»ecialists iiniy be writleii to, when they 
will be only too gbnl to quote for a suitable softening plant, 
giving the (pnintities of reagents required to be put in within the 
apparatus. 

tb) rjvhamjc Hoftvainij. Tlic stToiid proitess is that of 

Hofteiiiiig by m<*aiis of ‘•Zeolite/’ a natural mineral cousistiug 
of double silicate of Sodiiiiii and Aluiuiniiiiii. This mineral has the 
property of removing the ('alciiiiii and Magnesium coiittuits frmn 
a hard water in excluriige for Hodiiiiii. 

The mineral, however, after it has parted witli all its sodium 
(‘onttmts would no longm* ho effective but can be regeiu»rafed by a 
strong solution of eoniinon salt or brine. The xeolite absorlis Na 
from the salt and bec<uiies realty again for softening. 

Various types of softeners using the nlsive mineral are on the 
market and a suitable size csm always lie had to meet individual 
itsiiiireiiicut. 

Natural Zeolite hotter than ifynthctio ZouHto. It should be 
noted that many of the water softeners working on the base- 
exchange {Kriiieiple do not use the natural ‘Zeolite’ as such, but 
diffei*eiit preparations of Sodium Aluinino Silicates Synthetically 
prei^red. Such synthetic jhinerals 89 k: by different names. 
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'Termulit,*^ now obsolete more or less; ‘^Rasex^'; Jewellite A; 
Jewellite K, ete,, ete., jiie exaiiiples of syntbetic “Zeolite.’* 
Artificial or H.vnthetic Zeolite d^ies not roinpare quite fnvourablj 
with natural Ze<>lite, particularly when the water to be treated is 
cr.rrosive and contains ex<*ess of (X** former being porous and 
crystalline is very ‘much subjetd to the scouring and dissolving 
action of water, and a plant charged with it requires less per 

5 jrllon of treated wider jind is henee ehejiper in first eost and more 
onipact in size. The lid ter is a hanl greenish coai^se sand with 
lasting propeiiies tlnit are superior to synthetie materials. 

Against the low initial cost of iv plaid cliargi^l with the 
synthetic' inincu'id. one hits liow'ever to consider the cost of 
HubscMpient rellllK which hc*avily outweighs the first advantage and 
is by no means a* negligible item. 

Dctcrmhintj Ihf^ nizr of thv Snfiinvv, A word of caution is 
here ncM'essjiry with regjird to the size of soffcMier to 1)0 installed* 
As a general rule, w ith op<‘U type (Hcoling as illustrated in diagram 



it will be necessary to soften the make-up supply only, which 
may he roughly estimated art about 6 % of the quantity of water 
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cantained in the cooling Huraps or in jj. 

however be considered inii»e«itive to lower the ©f water in the 
cooling enmpg from time to time, liy running 80 „„ 
from the overIn«id tanks T, and T (sketch B.) at.i make no 
the loss with fresh soft water. This will prevent the coriceiu ^ 
of salts in the water reaching a saturation point and jfiUs 
etihaiK'iiig the tendency to rapid scale deposition. From this it 
will be evident that the softener will be required to furnish nut 
only tin; daily make up supply of ii%, hut will have to cope vrith 
the occusiona*! draining of the tanks T, and T, ns ali'eady explain- 
ed. The writer prafers io fix up tlie sine of soTtener so that it can 
deal with thr<‘e times the amount of daily make up water each 
day with one regeneration. However tliis is a question of indivi- 
dual rtMjuireiuents and local eonditions and a hint here was 
considered seuscmal. 


Bain water being an ideal cooling water, advantage should lie 
tarken, during tlie rains, of eolleeting us iiiiich of this heavenly 
gift us ])OHsiblR i>y lowering tlie level of water in iiie coeding sumps 
whieA ean lie easily done by draining tlie overht'ad tanks T, and T, 
aceorditig to the aiiioiiiit of ruin water availutiie at a stretch. 
This will gmitly dilute the eoiieeiitrntion within the sumps by 
fiiriilKhitig a eopions addition of pure soft water. 


Digoharffiiig to toriafc. Most of tlie Fewer lluuses in tills 
country cannot afford to Id the discliarge from the engines run to 
waste, and lienee, tlie iinrauliun of softening the water in 
circulation t<i practically wro liardness Iwfore giving It to the 
engines is very essentlirl. Wliei'e ]H)Ssilde, however, as in the case 
<if water works or pumping instulliitioiis, it is ideal to waste the 
outlet water from the engines, there Isdiig a pleutiful supply of 
fresh water always in store. Wliein this is done it will be noticed 
that even hard water will not leju'c any very noticeable scale 
deposits. The life of the engine liners is eoiisiderably increased 
there being hardly any serious wear say even after 4 or 5 years, 
whereas if the same water wa» used over and over again, the 
liners might t^ssilily lie ready for renewal as early os after a 
year or so. The UTiter knows of certain stations where the water 
was so hard that unless extreme vigilance was exercised by the 
running staff, the line.rB had to be renewed practiitilly every two 
yesfrs and the cracking of cylinder heads was a eommon occurence. 

0. Investigi^on bos proved that most of the scale deposition 
within the ;jrater spaces occurs on shutting down the enpne. The 
'Teanon for ^!liis will be evident if the differeq|^',j>roces8es of scale 
' .formattoD ’^iilj^^ discussed .have been cairefolly followed vide 
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Items (a) and {b) under the heading "Scale forma aa follows.” 
Let na see vltat actually happens when the supply of cooling water 
is turned off aa soon as the engine is atopi>ed. The entire heat 
contained in the mass of castings gets busy heating and boiling 
the jacket wafer and thus facilitating the rapid precipitation of 
scade forming Ca and Mg salts. In fact it has been observed that 
the number of iayers forming the scale correspond with tlie 
number of times the engine is started and slopited, thus establish- 
ing the fact that every stoppage is responsible for fresh scale 
deposits. It is therefore essential to keep the cooling Vater run- 
ning tlirongh the jackets at least ir> to HU minutes after the engine 
has been shut dOAvn. This simple rule must l)e held ns sacred as 
the law of the Medes and IVrsians. 

D. Use of Boiler Composilwns. IVhere the water is not 
very hard or for one reason or other it is not considered worth 
while to install a w'ater softener, the practice of a daily .addition 
of some boiler fluid is sometimes ftdlowed. In this connexion it 
should lie iiot<Ml that whereas certain coiniswitions arc quite 
effective and cause the scale forming salts to separate ns a soft 
easily washable sludge, most of them me only fakes of doubtful 
efllcacy and probably injurious. 


These so-called Itoiler-fluuls or anti-inmisuition mixtures are 
of various coiupositons, sometimes coiisistiiig of a weak aqueous 
solution of Naj Co, (»r Na Oil (caustic soda), but niow‘ «>ften 
containing in addition, organic matter of a miicilaginons character 
(Irish moss, agar agar, starch or gum) tannins nnd other vegetable 
products belonging to the group of Ckdloiils. Under special 
circumstances such compositions have their uses, but they should 
be used with caution for reasons alike of sirfety and economy. 

E. General and periodical cleaning of the entire system 
including water pipes, drains and overhend tanks and cooling 
sumps. This is the last though not the least of the scale and 
sludge preventh'e measures. Wlierever possible flushing out valves 
should be included in the water mainB to avoid their getting 
choked up at un . inconvenient moment. The writer was once 
faced with the nncomfortalde situation of the inlet water pipe to 
one of the engines getting dioked up just when she was ready to 
start up. As the peak of the load was due within a few minutes, 
there was no alternative but to open out the inlet water syoton 
piut by part till the choke was detected and remedied. There-, 
after to avoid this ^trouble repeating itself a* flnidiing out valve 
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was rtifrd up (lu; next day to tho miuraon V water main from the 
overiiem] laiikn m Niiowii hi fiio sketeh (/ and aiiice then old mam 
troiitde liHH not shown his fare apiiii. 



(Irrm A fmimMil iiuisatMM^ with lerlain ojien rooling 

syst 01118 is I ho forimriioii of a soft pmni velvety grow th of 
vejfctahle origin. This manifests itself adhering to the walls of 
drains and cooling sumps like a soft layer of green velvet when 
new. At tills stage it is a most beiielicial thing, being an effective 
absorbent of dust and sand particles and helps in ke<>ping the. 
water in circulation clear like crystal. It also retards wmle 
format ion by adliering itself in a spongv' protective layer over the 
Jacket w^alls, etc, letter on, under the influence of sun, it begins 
to rot changing into a dark slimy mud and joim|g hands with 
mud and sand aeoumulates at and chokes up the inlets and 
outlets of W'ater. This makes the inspection andf flashing out of 
Jackets jHjriodically very essential, and the cleaning of tanks and 
coolers more frequent. 

Further, to avoid this slimy stuff getting into the overhead 
tanks and finally to the engines, it is advisable to^install fine mesh 
strainers just at the discharge of the Water from the circulating 




GOVERDHAK ON WATER FOR DIESEL ENGINES. 165 


puuip outlets iuto the overhead ta'uks. A ]»robahle sketch of 
strainers nia.v he as in diagram 1). 



Over hcap Tan k . 

f SHo%v»MG Stra in e_R t _ itg moutvi) 

SkR rc^^D 


Devices suili as shown aliuve. are only indicative and not. 
exhaustive aud would neinl modi lieu lion ami ado|itioii to 
partieuinn* rcMiuirements. 

Clofted Cooling The growth of vegi*tahle fungus or 

green moss as detailed above is i feature of most of the open 
cooling systems in vo^ie in the various ]*ow'er Honsi^s in this 
country, no matter wmdher the cooling is done by means of a 
cooling tower and pornl or by iiiecliaiiir'al coolers or by surface 
cooling in sumps or a combination of these*. This means tlmt 
unless the paissage of cooling water to and from the engines, in 
circulation, is tdtally enclosed, the growth of fiingns and moss 
nuisance is more or less a natural phenomenon. An example of 
a totally closed system is provided by the cooling systr*ms of 
f*ertain Diesel Electric Locomotives or Diesel Engined cars and 
lorries very much similar in principle and practice to the cooling 
of petrol cars a#d lorries. In such coses of course the problems 
and difficulties^ inherent with the stationary oiH*n cooling, are 
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absolutely minimised or totally absent. On certarin loconiitives 
the cooling of the Diesel Engines is effiHJted by circulating the 
water through honey combed radiators iiionutHl on the locomo- 
tive rcKif. The radhitors themselvim are |)Ositively cooled by 
motor blowers of the propeller tyi>es although the draft of 
natural ventilation wdieii the locomotive is riiiiuing materially 
assists the cooling for the most part. 

Now let UH proceed to the: 
curative Afeanurea of scale depoHits. 

These are mainly two, vis., 

(i) Chipping. 

(ii) Acid treat ineut. 

(i) Chipping, however udeoiiate, always leaves some part un- 
attended to. It is very diflilciilt, almost JiniiosHible, for the 
chisel to reaich every nook and corner of cylinder head castings. 
Also, it does nut sutllce to iiieiely wash out the loosiuied dei»08its. 
For thorough cleaning the liners must be withdraw'ii from the 
frames. Some of the old type liners are indeed very difUciilt of 
removal and involve extra strain on the drawing gear. This is 

Frame. 


kinxa. 

beoaose they are iuitiaUy a tight fit with the frames at three, 
different places, vt;;., across the middle, and top and bottom,* 
malditg it a deviVs job to pull them out when worn, and prone td 
piston seisurea. 

Let ns at this stage reriew more closely the phenomenon of 
piston seixure in the case of modern type of liner wMgh is, faiHslly 
a sladc fit art the belt and free to expand lon giCTAtanJIy nndmr 
toail^tail^rB during working, 7h« accnmalatfamM scale 
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from the cooling water grip the liner tight at the bottom thne pror 
renting It from expanding length wiee os it should. The belt in 
the. frame being made of a number of eymmetrleall;^ placed aeg. 
mente, and the deposited sc'ucie and sludge exerting an external 
preeauiv, the liner in expanding asKUiues u wavy or ainuona shape 
as sliown by figure E (i>age 14). 

Between the segments the cylinder diameter is more than 
normal. Across the segments it is actually less. This will explain, 
why, after serious scale deimsits hare taken place, enormous force 
has often to be exerted in pulling out a liner which initially could 
l>e easily withdrawn by an ordinary crane. 

A rery useful liner drawing gear is illustrated in diagram F. 
riilling the liner top by a 5 or JO ton crane and suiiahly 
jacking it up from below is also very effetdivc. 



Aeid treatment i$ a most effective method of getting the liner 
^jimkets and cylinder Wids clear of scale, especially so when the 
cleaning has to be done within the shortest laissible time. In the 
cine of cylinder heads it is the only process, as in the writer’s 
opinion the sojgaUed cleaning doors tm moot of the modem enginM 
ate mete inspeetion boles and no more. 



1C8 THE INSTITUTION OF ENOINEEBS (INDIA). 


Acid treatiueui haH, bowever, two vei'y aerioua drawbacks, 
vis., that it attacks the cast irou very vigui'ously aud also sets «p 
electrolytic acliou between the ferrous cylinder and the yellow 
nicisit (juillM wliciv ilhfKo SUV tilted up. 

Till? latter trouble cira In; overcome by Hiueariiig the quille 
with ifreuHt* nil over. VVheu the eyliuder i« hplsiwh lubricavled, theiv 
are no quills to Ise w'orried over. 

The a<!tioit of the aieid on carst iron can, however, be made 
abortive or practi(‘ully stayed by tlie aidditioii of substances known 
aiH hihiliitors, (o the aieid Miliitioii Isdore tilliiij;. One ot‘ the best. 
known riihibitors is the “Mirrlees Inhibitor,” a chocuhrte colourtHJ 
|»ow'der [arodiieed by the well known tirm of Messrs. Mirrlees 
Itiekertori & Day JAd. The Inhibitor Js known as such because it 
‘dnhildtH” the action of the acid on cast iron or steel ca'stini^, 
while ullow'iii^ its netion on the scale to proceed unhampered to 
any vcoy appreiaable extent. 

A 10% solution of 4‘oinnn*rcial llyilrtH'hloric acid may be used 
for acid washini^. if it is iiei'essary to expedite the eleatiin^, 
Ktron^fer solutions, say or oO'X., can be used, liut {generally if 
the s<*ale is not very tliick, a 10% solution would meet the ends of 
justiee. To prepare the soliilioti, mix 0 parts of watio* with I part 
commercial hydrochloric acid. 

Now, weigh s<*parately 1% (hy weight of the k«»I) of Inhihitor. 
dissolve it in a biickcd of watev* and add to the acid soiiitioii. Fill 
this into the waiter spaces to W. de scaled aial keep it there till the 
solution has exhausted itself. This enii be tested by adding a piece 
of zinc to the solution separately till there is no etfervescemv. 
Itefore tilling in the solution, do not forget to provide vents or 
lades for the eseuiie of gaiA given uflf during the process. He 
caivful not to allow' atiiy nak<*<i lights or flame near the engine 
wiiile the de<sca]ing is going on. Metier results cam be obtained by 
circulating the acid slowdy by iiieaiis of a hand pump. 

Finish by draining out the solution and flushing thoroughly 
w*Uh clean waler. It is better if a sodai solution is us(«d for the 
tlmil wash out. Cheinicul representation of the de scaling may be 
represented as follows : — 

1. CiiOo,+OaSO, e4 Hcl 

scale * ^ ^ 

« 20a<M^ + Ooa + SO, + 2H,0 

A 

2. 2Pe4-Hcl-FeCl2 + 2A (nascent) 

Tendency fur the latter n*aetioii is kept under control by the 
^ Inhibitor* 
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Exteuttive investigation were armed out in the Mirrieen 
Luburatorv mid tlie i*esiil(M ehiirtiHl out in eurvw Noiiie of ^iviiieh tut? 
given on 170 & 171. [ii nil llie ex{)eriiiieufM eoiiiiuercial IK'I 

of 1.110 hpet'ilic- (ifavity was used. Tlie rule of retiotious was 
nieutsui-ed l.y iiiinietsing piwes of stale (iiniestoae) and metal, 
identical in sliape and sise, in acid solutions of diffemit sii-eiigths 
and^ then determining the loss in weight of aicli sain|)le imiuersed. 
Period of iminersiou for scale was kept .1 hour and for metal JH 
la>urs. 

it will lie clear from Figure I that the addition of 1% inhihilor 
has a. very iiiarkt'd effect in retarding the action of the acid on 
caisl iron, while oni.v slightl,v eff«H*ting its action on scale. 


Tiie necessity of periodical inspections of the water s|siceH for 
ui-cuiiiu lilt ions of iniul and sralo raiiiiot l»o too stron){ly laaplnnAiZ' 
t‘d. must not be allowed to build up i*\tTpt a drgiTO 

Kiiitabk* for rhipping or arid washing. 

Muddy iraivrti, Whriv a rivor having dirty water or u village 
poini is tho only supply, the rooltiig wa*t(M* should hr prot>erly 
settled and strainrd brfoiv iisr. Snitablr sidtling tanks and 
strainers should bo ilosigiird and put up to slo|> sludgo and slimy 
tiiattor getting iiisido tlio wator spacvs and c hoking thriii up. A 
rasc! was n*portod onro wlirrc? the* ciigiiu* whirli had iii use? for 
11 nioiiths only dovrloprd a sorioiis knock, (hi cxaiiiinatioii it was 
found tJiat excessive liner wear had* taken place during the 
period, and the water spaces were choked with mud, fungus 
and leaves, etc. The liners were changcMl, Hpai*.eM cleaned 

and aiTangc'iiicnts were iiiaile to make the water cleaner. TJie 
results w'erc* extremely gratifying, us the liners did not recpiire 
renewal again till after* a satisfactory s<*rvice. of more than 7 years. 

9 

The c^xainple quoted above is only indicative of the extent to 
whiili liner wear is attribufable to bsr«l cooling coiiditious. 
InstaiiceH may he iiiultiplicfd indefinitely and each one of them 
points niiiiiisUikirhly to the* fact, that clean soft \vaU*r goes a long 
way in maintaining steady running and in kecqdiig down the cost 
of repairs and cli*erlurul8, an item wliich more, often than not 
figures so notoriously in the annual balance sheet of a Diesel 
station. Home of the items discussed arlmvc may appear to tie 
quite uiiimfioiiant and very commonplace, hut it should be 
realised that It is the elimination and understanding of these 
very minor troubles wdiich is the quintessence of n^liiced working* 
costs. • 






.WJE3I V\fKMm *^* IFMW OT *#' , J»^W«ipjMB|>iiyig*.;'.-^ 


- err^ > 1 1 ••m szj Eis^ma t n 


^4^€4his H'm, 


>• V 3^ 
M 5 


m^mmSmwm 

»■ ■■■■■■ ■■ 


'a sa 9 o oo 60 70 60 60 ^6, 

Percentage Strength of Actd Solution 
(/ grem, of Inhibitor per 10 Grams. Acid 
Duration of Experiments Hour 


Siwert^iA 0f S0iuii0n Qh Ag, 


0 ^ M^afy^CAi onc Act^ 0oiu.ii0sx 6^ 0ce6i^ 


IVWto 


miiiSBBBI 


o . .» 3» ** t0 99 7* 8« f9 


SiiaijjLLif3F?r 





DISCUSSION ON 

COOLING WATER FOR DIESEL ENGINES. 


Col. V. {\ IVinjiU* miiurki^d tlia*i llio authiir wjik to Iw nmj^ra* 
liihitiMl oil luivini; put into a nniipact anil easily iiitollifrible form a 
iiiiiiiiM*i* of prartieal rules for the mre t»f tlie I'ooliii^ sysleiiis of 
Diesel engines. There were a lew points on whii'li some more in- 
formation wonhl he valuahle. (Ij The possibility and desirability 
of usin^j lai excess lime treatment fora water highly eharijed with 
tb) a> lime treatment, as a preliminary to a Zeolite base ex- 
eliani^e process. (2i How to safej^iiard aj^aliisi eorrosioii with a 
water reduced by Ze<dite to zero hardness, i.t) The use of acid as 
a preliminary to setrliii|r 4Mdloidal silt out of muddy water which 
would not ch*ar by mere unaided settlement. Kecent information 
su^ffestcd that the preference expressed for natural zeolite or 
Kreeiisaiid as compared with artilh'ial or ^el zeolite niij(ht netfd to 
be reconsidered, 'fhe averaj^e softening capacity of ({[reensuud 
was about IMMMI {grains of hardness per cubic foot: that of ;(ood 
>^el zeidite from !MMMI to liidHH). That reduced the necessary Kize 
<d’ the container by more than oO isu* cent. The salt consumption 
for reKfiM‘ratin« i»ri‘eiisand was « o pound salt per Um) f^ruins of 
hardness removed. Del zeolite now reipiirtMl only or even 0:MI 
pound per lOtKI ;irains. The wash water requirements with an 
etllcient a<‘l /.eolite idant were usually only urc;:. to ;«)';« of an equal 
capacity ^^rtfeiisaud plain. The loss of head throu}i;h ir p'misaiid 
plant sol ten in}( <j;a I Ions per square foot |M»r iiiiiiiite be{(au at 
about H lbs. and rose at the emi of an S hour run to ti lbs. The 
corirspondiii;? losses of lk‘ad in a good gel zeolite plant were 1 lb. 
at the beginning to 1 lb. at the end. Against all this must be set 
off the presumed though no longer eertain longer life of a green- 
sand than a gel ziHilite beil aiid the greater resistanee of grmisand 
iif destriietioii by low' hardness ^(i to 7 grains) waters. 

Mr. .1, Mitllry reiiinrkoil thait the nnthor had alejilt fairly fully 
Avith the Kill) jeet and tiieiv WMN very Utile that one euuld say to 
nupiaeiit the viat**^'*- <>u l.W and lojl however, the iruthor 
gave nil analywK of tulie well water, and im a jioint of interest it 
might bi* worth <‘ompariug the tlguit'e fur perniaueut and temporary 
InmUieHB j^ven by the author, with the ligurea obtained on a aample 
of llooghly water whieh the Kix'aker had analysed several years aigo. 
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Before the *\\‘ater was Kent for amilvKiH it wai8 j>roperly nettled. The Mr. J. 
aiuilynlK allowed the following; nwilt : — M:*iief 


Total hardness 

2270 

IVrniaiieiit haiMlness 

i-7r» 

Temporary haniness 

i7-9r> 


He ini^ht, of rfUirse, wiy thiit that parlieiilar Kiimple wain In’keii 
from the river about the month of Mareh and the result, of analysis 
at any other time of the year would be <|uile ililTereiit. However, 
the }NM*inanent haniness of the lloo^trhly water was praetieally the 
same as Hurt of the tuls* well water mentioned by the author, 
altlMUi^h the temporary hardness was eoiisiderably less. He then 
narrated the fidlowiii}; ilifferent metlMHls adopted in tlie ralnitta 
distriet itself for moling Diisel eii^^iiies manufartiired by Miirlees. 
Biekertoii and Day Ltd. 

(i) At the 1. < 1 . N. Doekyanl where tlnu'e vvf*n‘ four en^rines 
' working', the eoolin^ wsiter was drawn from th«‘ river Hoo^lily, 
passed throu;(h a Jewel tilter a'ud tlnui taken lo an overhead tank. 

till Some years ap:o ho supplied to the t'aleiitta Port tSmtiniS' 
sioiiers a Diesel engine amt pumps whieh were fitted on a> Jet 
dn^lirer, the fum‘lion of the one beiii^ to pump water throUklh 
a jet in ohler to blow away silt whieh eolleeled in in 
eimvenient plaees on the river, as for example under tho 
f*ont(»ons of the Howrah Bridge <ui the <*aleiitta. side and under 
some of the 1aiidiii;i: stages on the river. As one eould readily 
understand, he did not want to |)ump raw Ht»<t|<:hly water through 
the engine jaekets, so to oven^iine the diftienltj lie. arranged that 
the engines would he cooled by clean sf»ft water whieh in its turn 
would Is* eooled by the large volume of river walm* being pumped 
by the main pumps. Storage tanks fitr the soft water were pro- 
vided on th<‘ Dredger ami the ivirter from these tanks eireiilated 
through the engine jackets and then passi^d through the tnlies of a 
tubular coider, the raw' w’atiT {Missing on the outside of the tidies. 
By that method the fresh water was used over and over again and 

very little make up was required, 

• 

(iii) A vprr Kiniihir arraiiRcnicnt wsik adoptm] in ttio rnwt of iho 
piigtneH HtipplifHi (o tin* Bhatimra Howago Kohenir, lint in <ha^. i-aHR 
he nsed the raw fiewafp>. an the eonlinjf inedinni for the freah soft 
water and a cooler with K{)e(da1ly larjp* bore fiibea waa provided to 
prevent any possibility of choking. In that case, the scwrage pass' 
ed through the tnlies. In items ii and iii it was hardly necessary. 



174 THE INSTITUTION OF ENGINEEBS (INDIIC^ 

where cleats soft warter was ascd, to run the water through the 
jackets for a long period after the engines had been stopped, but 
the system was recommended where there was doubt about the 
barditesH of the water. 

As regards tlie green moss on oj)en cooling systems mentioned 
by the author, originally the water storage tank on the roof at 
lihatiMinr w’us an <»j»en tank and he had this trouble with green 
moss grewiiig in the tank, but when a cover had been put on the 
tank tlie trouble hud be(*n overcome. 

On page 1(57 the author illustrated a type of Liner Drawing 
flear. A year or two ago Alirrb'ss, Jln-kertou and Day devised 
iiiiolher t.y|»e of drawing geair which was probably more effective 
tlinii any others wbi(;h ho Imd seen. It was a little bit ditUimlt to 
illustrate without a drawing, but it consisted of a circular steCi 
tlaiige with Iwiles in it Iinving the same i»itf;h as the cylinder c,over 
stnds, wliile a small <*irfnlar steel tinngtt wtw used at tlie bottom 
end of the liner in a similar way to that mentioned by the author. 
Four long iioits of about !{•* diameter passed tbroiigli both 
ilangi'H, tin* top tiange having issoi phiiced on the cylinder cover 
studs, tlie nuts of which were on the underside of the flange and 
were used as jacks to force the tiange upwards. After the initinl 
jacking given by tin* tints on the cylinder cover studs, tlip priKu^s 
was iTontinned bv screwing up the nuts on the four long Iwlts 
which passed right tlirniigli iioth flanges. . 

In regard to tho Mirrhs's Inhibitor mentioned by the 
author and the curves reprodtut'il liy him, illustrating the 
experiments >vliic1i were carried out l»y Messrs. Mirrl«‘s, 
Hickerton & Day Ltd., Mr. Mnlley reuiarkisl that the .in- 
hibitor was not ft new idea. The trouble in the past had been 
Hurt most of tho inhibitors dis«*overed and used for inhibiting the 
action of hydro-chloric, acid on metals, w'cro. too expensive for com- 
mercial use. So Mirrlees’ Works set about investigating the matter 
and extierimeutod for over a year with various materials, until they 
eventiuilly discoveii'd a iimterial which diminished the action of 
hydro chloric acid on metals and reuld la* supplied at a compara- 
li.vely reasonable price. This was the iiihilutor which was described 
by the anGior and which bad been nse<1 successfully in many in- 
stallations. * 

Mr. O. Warren Boulton asked for an explanation of the state- 
- ment on page 162 to the eff^t that if the outlet wafer from the 
enfi^nes was allowed to mii to waste hard water wonld leave no 
noticeable scale, whereas if the same water waa used over and. 
ovtr again .cpntddcrable wear would take pkibe. Be premuned 
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that a’hat the author meant to infer waa that, provided a Cjonetanl Ha Q. . 

. flow of vater was obtainable, the question of hardness did not 
matter serionslj as the temperatnre of the cooling water would not 
rise appreciably but as no mention of the temperatnre was made 
by the author some explanation of that {mint was advisaide. 

Mr. W. J. NiooU remarked tlmt the pa{)er was one which Mr. w. i. 
would no donbt glra Diesel engine users some food for thought us " ’ 

it dealt with a subject u'hieh, in his opinion, received far too little 
attention in India. Tlie scandty of water in luaity parts of India 
where there were Diesel engines necessitutefl the economic use of 
the untcr available. Mr. tiorerdhan Imd dealt very effectively witli 
the cause of scale formation in u’ater jackets, etc., and also sug- 
gested several useful remedies to previait this. Hoftening of hord 
u'ater by evaimration would apftear to lie a very effective and qfli- 
cieiit method as suSieient heat eoiiid usually lie rmivered from the 
exhaust gHS(‘8 for the purpose of distilling the make up water *re- 
qufirements. Althougli that nieilKHl had not apparently found fiiv 
our in India, tliere stHmusl no mis<in u'liy it slionid not be adopted 
where clean soft water w'ns senree. With reganl to tlte flltration 
of river vwter for make-up piirisises, this could lie very effectively 
carried onl by a modem tilter sneli as a “Jewel.” Tlie nef^ssary 
care did not end in tillering the imik«-up water, however, but pre- 
cautions must also be taken against dust entering the cooling tower 
and nltimately Iming picked up by tlie u'nter. If air U'as circulat- 
ed by means of a fan, the former should lie drawn through an air 
Alter Ki'rieen, and in a dusty area the tanks should lie covered aini 
provided with efficient ventilators. Tlie tanks should also be tit 
'ted with baffle walls in onler t<i assist in the pi«ei[iitation of solids 
and the siieed of tlie water ahould lie us i^ow as possible to elimi- 
nate tnrbiilencc whicli might cause any agitation of the sediment 
in ^he tmttom of the tank. A w'miden or asbestos roof provided an 
excellent cover for ai cooling tank isKrause of tbefr heat non-con- 
dnetive pro{ierties which assisted in reducing the losses dne to 
evaporation. Modern engines were provided with water jacket in- 
spection doors, gnd in the case of a vertical engine tlie removal of 
mnd was a comparatively simple process. TUs wav not so in the 
case of the i^Under head as it was generally necessary to remove the 
latter to dean it thoronghly. It had been found that when an out- 
let water pipe was inserted below the level of the inside of the 
cylinder bead jacket, scale had been deposited in excesi due no. 
donbt to overheating caused by an air lock or steam pocket being 
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fopiiif'd In tfi(* jarket. It was, tliftrpfarp, oHHential that the water 
niidei kIioiiIiI Iu* at tlio lii^hoNt point of the ryliinler head and that 
the open end of the outlet pipe should lie above the e^diiider to 
elitiiinate syphoniiij;. Where return pifieR were lirought down be- 
low the level of the rvliiider, a vent fdpe Nhoiild tie provided at the 
lii^heHt point 4»f the syNtein, Ah a tiiial preeantfoii a|;ainHt seale 
formirijr in exeenK, it waH advisable to draw all liners for inH|iertion 
after about 10/iri,tHI0 hours, espeeially where the w’ater wjis hard 
or of a hi^h muddy eontcMit, as some iiisM'eessible |Mirt of the jimJcet 
whieh had not been properly ( leaned out ini^lit not only result in 
forming; ‘hot spots* in the liner, but a distortion of same eanmny; 
idstori seixnre and probably the fraelnrin;; of the water jaeket. 
Mr. ffov(*rdhan (*orre('tly mentioned that low outlet water tern 
p(‘ratnre did not neei^ssarily indi('ate that the liner teni|ieratnre 
was low, when it was reiinaiibered that a l/ltF layer of (*a. and Mtf. 
salts had approxiinalidy the same heat ri'sistin^ value as F' of (mst 
iron. This was a point of importainv in the sniaa^ssfiil running of ip 
Diesel engine. It was a genm'al praetiee to run engines as eool as 
the eoiding s^stmii would pinanit, i.i*., to rialnee the (emperatnre 
of the (*ylind(‘rs to tin* niiiiimiim. In order to retain the eyliiulers 
of a Diesel engine at a low temperature, iinndi useful heat w’as rai- 
ned off by tbe moling watm*, and tbe eflieiem-y of the engine mn 
siderably r(*dnr(»d tluM-fdiy. f'liilling of tbe eyliiider walla tended to 
li(Hiefy the fuel as it was injiaded into tin* rylrnder with the result 
that; tin* find was not (inly wastinl dne to iii(-oiiiplet(» roni 
Inistion, lint it d(*stroyr<| the oil tiliii and nltimatcdy found 
its way into the snmti in 11m rase of a vertiiral engine, 

and dilnt(Ml the lubrii-ating oil. It hnd a-lso been proved 
in some rases that, tbe liner W4‘ar was artually greater 
wlnm the liners w(‘re roobu* than wlion at a reasonably high 
leinperatnre, bettor distriiintlon of the oil being maintained under 
the latter conditions. Assiinilng that the water jackets were clean 
and that, the liners were fm‘ from scale, the outlet w^ator tempera 
tnre should be betxvo(»n VJ(FF. and l.W’F. Provision should be 
made to keep the teiiiporatiiro within these limits even with an in 
crease in load. Although in modern high speed Diesel engines this 
temperature might be e..xeeeded, it did not neeessarily indicate that 
the internal surface of the cylinder yrm overheated. The high 
cooling wmter tem|>erature in these engines was principally due to 
the favt that the cylinder walls were much thinner, there were more 
explosions per minute and the quantity of ivater an circulation was 
less than in the ease of heavy Diesel engines. The outlet water of 
a high speed Diesel might lie as high as 180/190T^. without impair 
ing the eflleieii<*y of the engine. The temperature of the exhaust 
gases was in many instances a better indicatiofn of the cylinder 
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wall tc*niperatnr<* than the coolinjt water. In eonolusion, he congrsi- iir» w. j, 
tulated the author on his Paper as it eoiitaiiUMl some very useful / 

information for Diesel eiij^ine users. 

Mr. E. F. NVhite remarked that it was pleasinjij to note that F. 
Mr. (loverdhan had raiwMl the important sulijet t t)!* arranging for a 
siiitalde suiiply of eooliujr water for Oil i:n}»iues. llaviug eoiwetly 
iiistalleil the engine and tilled up with fuel and luhrieant. users 
fWere inelined to sit liaek tliinklui; all that eould he expeeled of 
them for the enj;ine*s welfare liad heeii done. Further thoutiht 
must he uiveii, however, as to the purity of llie eo(»liii^ water to Is) 
used and its exit temperature. A supply of soft water, preferuhly 
rain, inijfht he arran^retl for hut, in the speaker's (Opinion, the kind 
of water to he used was not so imtiortaiit eonipared with the use 
(»f an adeipiate quantity so (hat the temperalure of water leaviut; 
tlie (‘ylinder Insids he kept within, saiy, V2i\ de^yrees F. or dejtrees 
(*. Any water whirh wa.s md quite soft depiwited its minerals at 
temperatures of J25 to IdU di‘| 4 rees F, upwards. It was im|mrtant 
therefore that exeessive outhd lem|)era*lures were md reaehed. 

Wlieii, owin^ to hijiih temperatures, mineral tJeposits wmn known 
to exist in the water daekels, a pmprietory softener known as 
lloiler Knaniei mi^lit he used. Owiii^^ to the aetJon of the 
(Miaiiiel upon existing; seale it was found that deposits would ilako 
off and mijslit h»d<»e in waler tnlies or other routined spares. This 
required wafehiii};; if water ways were not to he hloeked hy sea’le, 

Messrs, petters Ltd., liad made extensive experiments with scale 
solvents afid had oldairied ^oofl results from u preparation known 
as “(’lensol.’^ To use (hat |»re)mrali(ni eyliiider In ads were removed 
and invhrted with (he then iMdfom water- way pln^^jjed. The llwni 
was then tilled with 4'leiisol, neat, of the streni^th in which it was 
supplied ami left for a iMuirsl of o or I hours. The eirerves<*ent ac- 
tion of the solvent upon scale deposits api^areil to dissipate the 
hitler for .very little sludge remained to l>e washed out and the 
metal would i»e left clean as new. Vov cleaning Cylinder .Imrkets 
whii'h werejiot usually so tliirkly coated with scale compared with 
cylinder heads, a mixture i>f r»(l% ench Flensol and waler would he 
found effe<1ive. The use of that solvent was murh quicker and more 
efllciiSnt compared with chijqdng. Dilute hydrochloric acid (15 to 
20% H(i) was also a good solvent hut required greater care in the 
uvay of Avashiiig out. I*\>r Indian f^onditJons (irohably the best 
method of dealing with cmdiiig water (if same was to he kept at or 
about 120 degrees F. to avoid precipitation of fiiitierals in cylinder 
beads) was to employ a cooling tower, or spray cooler. If a *'nin 
through” system of cooling water could be arranged at sites w'bere 
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there was a i»leritifiil nujiply, the .w^ter should pass fmm the bot- 
tom of ejrlinders up throiif^h the top of cylinder lieads, thereby en- 
Jackets to the exi hiHion of air iioekets. In rt^ply to 
a question sijited that assuiuiu^ water 

Jacket teiiii»eraiiires of nlioui 120 degiws F. were sirvaiigea’l«A, uie 
eyliudf-T Jiiiers iijid pistons would have ieinperatni*(*s about correct 
for fuel coiiHuniptioii eflic ieiiey whilst viseoHity of lubricating oils 
would'iiot Ih‘ impaired as would be the c-ase 'if working under exces- 
sive heat. A further objection to excessive cylinder heat lay in the 
abtioriiial expansion of Jai'kets and Liners and possible difTIculty 
with the joint between those 2 parts. 

In reply to the various points raised l»y <Nd. F. i\ Temple the 
author said that with regard to the first point vi». the possibility 
and ilesirability of using ejaeess lime treatment for water highly 
charged with; <H) , that wa's very desirable and would have the 
double effect to removing the exiM^ss free I'arbonic acid and elimi- 
nating the tem|M)raiy hardness by pren'pitatiiig the lime present 
in the form of hicarliomrtes. Thus, 

Fa fOM). MMI 

Fir (t m I M ^a (IN H > 3 ) , 2 t 'at M 4 21 U >. 

If the amount cd' p<*rmaiieiit hariliiess was small, say ^{^or 4 
degrees only, ini further trealiiient migtit be done to make, the 
water suitable fnv engine cooling. 

As regards the second point vi/.. the possibility and desirability 
of using a lime treatment as a ]>reliminary to a Zwdite haso ex- 
change proresH, lie said that that might be done in case the CO^ 
contents of the water >vas pretty high, to ])revent the free aclS from 
attaeking the Zeolite and thus rtslucing its useful life, in the first 
instance, ami suhsiMpieiitly to avoid corrosion and [dttiiig of the 
Jm*kets, etc. In practice, however, the double ]»roeess of lime treat- 
ment and lam* exchange softening w'ew likely to be less eoiivenieiit 
than a dimt lime-soila tix^atmeiit which should be prc^ferable to 
the ZtKjllte process In the presence of exci?ss ro^, 

111 regiird to the third point vis. how to si)feguard against 
i*orrogjioii with a water riMluciMl by Zwlite to zero hardness, he said 
^that in cases wiiere tight against corrosion became a necessity, the 
.^causes of corrosion should be investigated first. These might be as 
follows : — 

(a) Gases dissolved in water like UO, and oxygen. . These 
m%fat be preseiit in the water as it came out faom the soiirce^ or 
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might be absorbed from (be atmosphere iu the case of an open n* Avtiiw 
storage tank or sump. 

(b) Presence of acids in the soiii'ce or from external pollution. 

(c) Presence of corosive minerals like magnesium chloride, 

Alumino Ferric, etc. These causes of tw^ion in iron or steel u<ire 
generally always aided by chemical and electrolytic action specially 
iu the proximity of C(»pper. gun metal, or brass littings. In general 
carbonic acid and air dissolved in water were a very common taiuse 
of corrosion, the former re acting with iron or stetd to form ferric 
acid and ivsnlting in jiitting. (Calcium hydrate or slaked lime 
should be ummI to iieutralise (he acidity due to ('0, prest'ut in the 
water as it came from its source. 

« 

When absorption of acid fumes fn»m n foul atmosjdiere was 
the cause, atTaiigeuients to cover up (he expostnl jMu tions of the 
cooling system should l»e made as far »is iMMSsible, The pii'seiu'e of 
corrosive minerals wonld indicate wnipicte neutraliaalion of the 
water with sotUi tnvitinent. Xotwithstandiug the aiiove safegtianls, 

(M>rroBion miglit still bit traced to the dissolved air wJdeh it was 
hardly iHissible to eliminate altogidlier from llie system. Against 
this it would be a wise p^'antion to paint the internal surfaces of 
(he water .luekets, cylinder heads, puinfm and auxiliaries exposed 
to the risk with snitai)ie aiiti-corrosiou paints, so far us time and 
(toiiditions of .a'orkiiig [H^rmitted such a proctHliire to Ih*. pnt into 
practicte. Kuitablc anti corrosion paints like “Ai»exior’’ etc., were 
on the market and niigiit be made use of, nltbungli (hat method if 
wholly relied uimn was likely to hail to (he forncition of locirliaed 
weak s[H)t8 inucecssibie to the iiaiiit, but suitable for the develop- 
ment ^ air locks or steam pm-kets. 

(3) As ragards the fourth point via. ttie use of acid as a pre- 
liminary to settling colloidal silt out of mnddy wnter, whhdi would 
not dear by mere unaided treatment, be said that colloidal silt 
was not very commonly met with except in cases where the only 
supply of water was from a river in flood or during the monsoons. 

And dnee conditions as alsive obtained only for short periods It 
would be more advisable to make use of the water after removing 
tl^pajor -impurities amenable to settling, rather than rendering 
thw.tire supply acid and theiefore undesirable from the Diesel 
BiHL«r’8 point of view. Any mud and sludge that collected in the 
iftf^spaces could be easily washed away when the purity of the * 
aonrceof supply retumed to normal. It was written in the Che- 
mistry of Colloids that j^rtides of silt carried negative ions 
end if these were neufittUsed Iqr the addition of podtive Ions to the 



180 THK IXSTITUTIOX OF KXOINKKKS (INDIA). 


tbor the* silt woitlcl |im*i|iitsit(*. AUlion^li stilpliiint* acid was 

very Kiiitahir for siii>|ityin ;7 IMisitivi* ions its iiilro<lu<;tioii into tbe 
system was iiid iJesiralde from flu? author’s point of view’. 
Ill fact the aim slmiitd l»c tin* mMitralizatioii of any aridity already 
present in the water rather than the addition of it. 

lie felt much ohlierd tn Oohuiel Teiiiph* for dravviiijii; attention 
to a few very important or rather vital issues on the siilijeet and 

hail to thank him for ^ivin^ him an opportunity of making; the 

paper nior<* eom[)relieiisive ami hieid on <‘ertain points. 

In reply to the <‘4ininnuitN of Mr. .1. .Malh*y Hie author said 

tiuit the analysis of I la* Ihsi^^hly wal^'i* ;;iv(*ii hy Mr. Malley was 

quite inlerestiiiir and as <omiii^ friuu a river the water was not so 
siiitatile for rooting; piiiqsises as mi};hl he expeided. lie miji'ht men- 
ti<iti that for INiwer Stations ami other piir|Hises where lar«;e qiiaie 
titles of eoolin^ water wiuv required, it would i‘oiivenient am] 
mlvisahle to install siiitahle motor ilriveu cimtrifii^al strainers for 
dealing with (lu‘ type of impurities t‘arri<Ml hy river waters. The 
liner drawiiit^t ^I'ar descrihed hy Mr. .Malhy was a eroo*l variety. 
The fles(*ription ^iveti. Iiowtwer, appeared to he ilid’ective sonu*- 
w'liere, as since Hie (op llaii^i* hml Hin*mled lades of the same pitch 
as <*ylifah*r cover stmis it would not he fiossilile to scat the tlan,tre 
tliroiitxh the cvliiatm* stmis on to the nuts unless Mr. .Malley used 
Hie word ‘piti-ir to ilesit^iiate Hie •diameter' cif Hie studs, lii his 
opinion the holes in Ha* top llaii;::i‘ were meant to he just plain lades 
of Hie same diameter as the cyliialer stmis in which case he couhl 
easily N4*at Hie tlaii^e on Hie jints and use them for Jm’kiufc up the 
liner, w’hhdi was |»erhaps what Mr. Malliy was drivin}i: at. Also 
to make the ^ear simpler it would he hotter to use a siuj^le or just, 
a couple of central holts only as th(> iiianiifaiinre ami iintjulpnla' 
tion of a i^ear with four lon^ 1{^ diameter ladts, which would 
have to he threaded a pawl ]mrl their length, were more complex 
than in the «*ase of devices needing only one op at the most two 
fteiilral Isilts. 

In rejdy tin* comments of Mr. <\ Warren Donlton 
lie said that Mr. r. Warren Ihm It on liatl evidently mls' 
apprehended the. statement that ‘df the outlet water from 
tin* engines was allow^'d to rim to wawte hard water would 
leave no iiotieeahle scale, wdiereas if the mime water waa used over 
and over again coimiderahle wear would take plac^*.” It was not 
heeause theit* w'as the }H>ssihUitT of the outlet w-ater temperatures 
pang much higher through re|ieated circulations that the risk of 
ext*es«iYe scale deposits liad to he faced. In fact, the circulating 
water temperature having attaiuM a constanut. value, depending 
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tipoii the i^raKoii (»f mirtH* lii|;:her in HUiiimer than in winter, the inthftr 
outlet water tt tnpenitnit^}!) were not allowed to Um-fnate iiiueb 
except lH‘tween the limits of to 14(ri*\ It wais* theMows 
not Ijeeause the ttadinfr water temperature was kept much loww 
l»v having; a fresh supply of water runnin^^ throu^di all the while 
that the advantage .was gained. The advantage Jay iti avoiding 
tioncmitration through evaporation. Uepeated circulation of the 
same volume of water iiicreasitll the coticeiitratiou of the salts in 
stdution and that meant a constantly increasing tiegree of lurrd- 
ness. Analysis of watt‘r which had Wii in usi‘ for stone consider- 
ahh* time would indu'ate a (h'gree of hardness far in excess of that 
of fresh water and knowing that a saturated sidiition might carry 
as lunch as ].*>0 or more of a solid impurity hy weight in solution 
before precipilatiun, the tendency tt> heavy si'aling might well he 
ii|)preciated. Tlie im|n)rtance of this wiyh hardly realizeil hy engine 
users in practice, 

' Replying to IIm‘ c«imiiicnts of Mr. W. d. Nicioll the author said 
that Mr. Nicol! had stressed certain very salient IValnres in eon 
nection with the cooling systems and this deserved appreciiitioii. 

Xol much note was taken of those important factors hy a majority 
of I)ies4‘l Kngine users in India who appean‘d to be giiidcMl by the 
agti (dd expressifui— “if ignorance is bliss it is folly to he wise/^ 
although ignorance was a dotthlfiil bliss In most cases and 
4 -ertainly inconvenient and risky when* IMesel Kngines were con* 
ceriied. Sooner or later (hey found fliemselves in the unenviable 
position of the pnrchas«*r of the second hand car who when asked 
hy the dealer, the m^xl day, as to how the eju was functioning, 
replied, **0, well everything makes a noise except the horn.’’ With 
regard to the prac'tice of riiiining the engines as coid as possible it 
was true that tin* working efliciency was IowmimI, hut that lliis 
l|C4aitriiiutcd to greater liner wear might have to be reemtsidered. 

If the cooler parts of the liner were snbjeet to uneven lubrication 
|aii<t gwater wear, the iliarneter ineaKumiien ts of a liner which 
had ls*en in use for suiiietijiie, would show a priigressive increase 
as mieroiiietered from top downwards, a fact tpiite contrary, how- 
ever, to the Aiithc»r's ex|N;ricin‘e and obsemition. lie ivas iiicUned 
to think that imeaws, as reported by Mr. Kieoll, where liner wiyir 
had lieeii observed to be uotuully gmtler when tho liner was com- 
paratively cooler, use was made of a cylinder hil»ricant that offeriHl 
high resistance to even distrihntioii at the low'er teiii|M*rat«reH, 
more generally obtaini^il in actual practice, and spmnl more evenly 
when thinned down by the high temperatures corn^isuiditig to full ' 
or -verlcmd conditions. Such an oil could hazily ]>e considered as 
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a imitable lubricant for tlic engine and one striking a /happy 
medium would be more correct. That it was essential for a lubrica- 
ting oil to be able to maintain its viscosity and easy spreading 
quality ludween a fairly wide range couid be w’ell reuiised%hen it 
w'as considered tliat tiic exhaust temperurtures of individual cylin- 
der might vary from alsmt 300“F. at low loads to about H00*F.^ or 
more at higli loads, 

Iteplying lo tlie comments of Mr. E. F. W’liite the author 
sjvid that Mr. \Vhit<' wcommended “t'lctisol” as a suitalde scale 
solvent and there was no reason why (he engine users should not 
give it a (rial. The author had tried similar pi*epuratiuns, one 
of them known as ‘‘Htarrett” or sometiiing to that eff<H‘t with gotal 
n'sults. 

In eonclusioii, the author felt much gratitied to note the 
interest showa. by various iiiemlters aiul thanked them for the 
eucuuniging and interesting comments made. 



THE PO^IBILITY OF FLOOD 
REGULATION AND CONSERVATION 

- IN 

^ THE HIMALAYAS FOR IRRIGATION 
■ ' ^ < OR POWER. 

BY 

J, W. ME ARES, Mmber, 

may have ahowa tbe engineer of a groat problem; 

.08 been dune iiaturally» without doeign or t^ontroL eau iiurely 
• lUHtt with calculation of the effect*' (Triemiial Report of the 
trie Survey of India, p. lii). "Credo quia abaurdum"; 
wi bUJii .iit quia iiniKHaibile.” (Tcrtulliun). 

ludiir, liiui'c lluiii uuy conufry in Ihi* world, doiR'iidii upon 
wutor fur lior life, iiiid fi'um prekisturic ItiiieH xlie bus exploited it 
botl) for irriptioii on a larg«i ffonle and fttr loeal |>ower on a 
ininule Kcule. liotli remn'voii'H and eanalH were r.on8triii‘tHl 
long before the beginning i)f the ItritiHh Uiij. At the preneut 
time, the vast canal systeiiu of ^'orthern India an; using a con- 
siderable pro{K)rtion of the tt^l w'uter that m'rivea at thidr 
kendworks during the irrigation seasons; hut there are. times 
w'iieu much more could be used if it w'ent nrailabJe. It was 
uaiiinil that engiiie<‘rs sbouid turn to tlie souii'e of all lids water 
in the Himalayas, in order to s(*e if conservation in the upimr 
reaches of the snow-fed rivers miglit be iKMisiidc; fur, at times 
when it is nut re<|uired, a great volume passes to (he stqi. The 
Indian Irrigation ('ommission of lOOl-Oli estimated that of the 
total average rainfall (37^ inehes), 33 per cent is carried away t<» 
the sea, while-fi per cent is uscjI in irrigation, the remainder 
lieing absurlted or evaporated. Alive to*t.Iie great waste, tbe 
(iuestioii of storage wan considered ; hut authoritative opinion 
(referred to presently) held that it was not an economic proposi- 
tion. To challenge sneh a pronouncement ntqoires wime eonrage, 
but this paper is nevertheless a plea for further consideration, on 
aomewhart novel lines, in view of the importance of the issue, If 
every dogmatic* assertion of even the greatest men had always 
been accepted as final and irrevocable, present day conditions 
W’oald be very difl'erent from what they are. 

In the course of his report on the watm* power tesources of 
India, *tbe author of this paper threw ont the suggestion, now ‘ 

* Tiinuda] Bqsnt of Mo Hydro-tfeetrie Burvoy of India (IKS), 
pern 33; aoo also latter to "Tha Umo^*' ^IsHidos) Jsly IWh, IW. ' 
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put forward in igniter dolail, for a somewhat revolutionary 
melliod of flood re^ipilalioii and storage in the uppex* w'aters of the 
great lliiiialayan rivers. At llie liiin? this attraieted little or no 
iKdIee; hut in view of eertaiii ecpjirlly novel proposals, referred 
to presently, in eonneifion with the Severn InwTage, tlni matter 
now iip[)ears worthy of sirioiis diseiission. 

lIJMALAVAN STOUAOF C’OXSJOKUKD LMriCACTlCAllLE. 

Itrielly, in order to show what the ensuing dis4‘Ussion leads 
up to, the [)ro[H>Kal is to make stonige hrki^s on ai very large scale 
hy iiieaiiK u\' hydrant lie till or lilaisii*d earthen daiiiis of great length 
aiud Insight, sindi ais Ini've been fortuitously maile by natural 
lamlHlips, with byi* paiss fininels of siillirieiit eapaeity to prevent 
aiiiy possibility <»f ai daiin being toppeil aind des(roy<‘d by Hood. 

Wherever rivers airisa* in iiioiintariiioiis eoimtry, their develop- 
iiieiit (Miller for irrigaitioii or power or both iiinst become 
liiiportant, tboiigb so fair as irrigation is roneerned tliis only 
aiipiies to tropbail and siib lropi(*ail rt^gioiis. Fuel at pri^sent, 
di^spite the givat inerease in its cost in r(*etMit years, still bolds 
its own ill most eotiiitri(>s for pow(*r giMKM'aitioii ; but this will not 
always be so, and tin* margin even now is not wry great. Any 
storage and regulation of water for irrigaitioii may. in the future 
lie of valiit‘ for povviM*, so that aspect of th(‘ problem ikmmI not be 
eoiisidered fuiiber. What applies more part ieiilarly to the 
Jliiiinlayaii rivers of the Punjab and the riiiled IM’oviiiees, in view 
of llie irrigation systems fed by them, will sooihm* or lat(*r apply 
to luariiy other airiMis wImmh^ tlitM'i^ are inonntaiins, and partieulavly 
siiowdVd mountains. As the snows melt, liiigi* (piaiitities of 
water pour down into the plains ami for the most part, as already 
ineiitioued. How to tin* sea iiiiiisisl. The value of this waiter 
to dry regions at present niiirrigated (iiieludiiig amis out of 
command (»f the eaiials, wbieb rexinin^ a pumped siipply'i would 
Ih‘ iiiestiiiiabb^ ; it might be ealeiibilde, tliongb it would be fair 
to call it iiiealeiilable. The desirability of storage in the 
liimuiityas was reeogni/xMl as far back as the ^sixties. The 
matter eaiiie liefore the Tiidian Irrigation Commission, but Sir 
Thomas liigbaiii* ^Mlid not consider it worth while to investigate 
the Himalayas for storage,’* an o]Muion wdiich also one of his 
prwlw'essors bail reeordtHl. Here the matter has rested. The 
(vhaeuee of any famine over iinrtheni India in recent years can- 
not be taken as proof that another will never come, despite all 
the beneticeiit works niicluding the Triple Canal, the Sarda canal 


Sir Tliotnas Ward, Proodgs. lust C. E., Vol. 233, p. 161. 
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aud tlic Bukkur barrage) that aroae from the last* When thia 
eatasti'oplie doe« come, the urgent iiectNsaity for further protective 
worka will at once be pjraaeil, aiiice it is well known that the 
supplies in the Jumna and the Butlej pit least) are not sutllcieiit 
to irrigate the whole of ttie laud available; and that there are 
tracts on both rivers Avithout proteidion, as well as large areas of 
irrigated land that are insiifliciently protected in years of low 
river supply. 


DAMS IN OEXEKAL. 

High dams have Ikhmi the subject of much controversy, and a 
Commission (emanating from the Worhl Power CoiigresH) has 
been investigating tlie subject for some years. It may safely be 
said that he would lie a bol<] man who dared to suggest either a 
gravity or an an'lieil dam, in a* locality wliere carthqtiakeH occur, 
of more than about otHl feet height. That Avas the suggested 
height of the lUiakra dam on the Sutlej, the (b»sign being of the 
orthodox type. It remains a paper project, though it Avill 
umpiestionably liave to be carrii^d luit [ircseiitly - after the next 
famine. India, however, like many other i*oinitries, has a inimber 
of great masonry <bmis Avhich have been built for impounding 
excess rainfall for subsequent use in irrigation; while dams for 
power alone are to be found everywhere and oci'aNioiially the Iwo 
are combined. (Jenerally the distanee bcdweeii storagi* and point 
of use is I'oiiiparatiAMdy small, but there is no reason Avhy this 
should be so except Avbeii the i>bji‘ct is poAver, in which ease the 
extra head of the dam, or some of it, is employed. 

THE SEVERN RAKKACiE SCHEME. 

A featui^* of all such dams, Avlietlier of gravity or aniied 
construction, is that they are necessarily bnilt rigidly Avutertight ; 
h*akage througli or round them, and espi^ially under their fouu- 
dtrtions, has been the cause; of many disasters of the first 
ninguitiide. Physical dilliculties imiy, however, make the con- 
struction of a w'atertlght dam impossible, and yet the river can 
he eflfectiA'ely blocked. 

Such a casft luw Immhi met with in the estuary of the ttlver 
Severn, and the recently issued Report of the SeA'em Barrage 
Committee* incorporates a i^roposal for closing the tidal 
^'Shoots’^ fa deep and rai>idly flowing channel) which departs 
altogether from curr(;nt [practice and may huA^e far-reaching con- 


B. M. Stationery Offico, 1S33. Appendiset. 
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Hequeiic^H. th(* conHtrtictioii of ai dtnn, either of iuaBoiii^ or 
cuiierete, would obviouBlj he juipoBHible: 

^'Anything in th« nature of solid bluckwork would be out of the 
qu<ietiou« owing to the itij(iost(ibiiity of eeiting blfK’ke in suoii a 
tideway. It would bti equally impracticable to clone the channel by 
tipping a rubble kink from otto or Imih ends of tho dam, since, as the 
opening narrowed, the veloeilics of the tidal stream would be increased 
so ns to render futile any furilter dejjosit of stone. In the 
consulting engineer' opinion, the most satisfactory solution would 
Ite to bring up Die work in more or b«ss even layers extending acroes 
the. wuU‘rwuy, thus gradually forcing more and more of the ebb and 
dcMKl stream Ibroitgh tiie sliiice Pam openings. To this end, they 
jiropose that the ernliaiikment <lam should l)e coiistnicted by deposit- 
ing two banks across the rhaniii'l. Of tln^e, one would be for the 
iqmtmim face of the embankment (which would be undertaken 
first), and the other for the downstream fare. The spaeA» between 
the bunks would k* filled with suitable material so as to form an 
approximately watertight core. Some difficulty might he exjjerieneod 
in de]tositing the lowe.st layers, resting on the clean liod of the 
channel, but once tlie.se had brn^n sntisfuetoHly stabilized, the rf^si 
of tlie work sliouhl present no special difliculty.*' (llejsirt, para IBS). 

K(»r (iu‘ filling, sninl in Hiiggosltui. Tln^ iiniiii pnint to which 
aftciifion is tirawii is flic usi* of a sainl tilling to give “an approxi- 
nial<‘Iy wadcrlight con*/’ instea<l of tin* lignllv watertight type of 
(lam that Is usually insisted upon and g(*nerally necessary. So 
long as the emliankun*nt is in no daiigtT of being washed a*way, a 
certain ann»nnf <»r percolaiioii through it is here of no moment; 
though if is aiilicipated Unit there will, in fact, Ite very little. In 
order to ensure slahiliiy, the two initial banks an* to be placed 
from oOtl to l,ilOfl feet apart, the intervening space being tilled 
in by sand. * 


NATrUAL DAMS AKD LAKKS. 

Now this method of cmbunkm(*nt, though novel and daring 
in engineering, is literally “as old as the hills/^ Uundreds of 
perinament hrkes exist whicli wen? initially formed by the dam- 
ming of a gorgt* or a narrow valley l»y a gi'eat landslide, and many 
more temporary lakes of enormous extent have been similarly 
formed and eventually >vashed away wholly or in part w’hen 
t(i{>ped hy a tlood. A welbknow*ii instance is the Gohna Lake, to 
the north of Nmui Tal, of^ which a considerable part has remain- 
ed from 1893 to the prew^nt day, though every jfar reduces its 
area and capacity. Still better known, owing to the ICories it 
gave rise to, is the dam which was formed in a gorge of the 
Indus, in the remote Oilgit district:— 

'*Iu December 1S40 a side of the bill known aa Hatn Pir fell into tbe 
defile of tbe Indue at the bnee of Nongn Ferbat, and fonned s dam 
LOOO feet bigb. An immenee lake woe created behind the dun, tbe 
. weter in wbicb teoww »t one place SOD fe^^deep; st Bvaji tbe 
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water .rose to tlie level of the fort, 300 feet above the bed of the 
river; the lake became nearly 40 milea loii|f and reaidted almoat to 
Oilgit town. For six montlis the waters were held back by the 
debris of the fallen mountain, till t4toy iTise to the level of the top 
of the dam. The dam then burst, mid the lake emptied in one 
day. the immense volume of water ruehiiig down to AHork.*'* 

EAKTHKN BAMS AND KOCK PILLED DAMS. 

l^et U8 now turn to em'theii dania, including h;ydrauliC'fiU 
and rock-iilled dania. These have been used since the dawn of 
civilization, and, despite their rough and ready design and con* 
strnction, tifttui lasted for genera! ions. Modern earthen dams, 
with a puddle or other core, are frequently uwhI at the present 
day: the otlier tw'o types are a more irodiTii innovation, and have 
lK*en extensively used in America*. As bearing on the piTseiit 
pa[>er, and showing the capabilities of hydraulic sluicing, the 
author may mention that in 1007, at Seattle (P.S.A.), lie saw a 
very considerable bill being eiitiivly demolished by this method, 
the debris lieiiig used for the rcclaiiial ion of land in Puget f^oniid. 
^•’ix inch elei-trically operateil higli pressure w'aler jets wrere 
emjiloyed for the purpose, wooden llnmes c’oiiveying the spoil to 
the shore. The same procedure is adopted for making dams. 

The various types of earili and rock dams have a lllernrtnrc 
of their own,* as well as an abundance of tecliuical papers wddeb 
need not he eiiuinerated here. As indicating the present limits of 
these forms, it is worthy of note that, although high dams an*, 
often mentioiuHl in these w’orks, there is no record of any of a 
hffight approaching that of masonry dams; the limit so fur 
appears to Is* of the order of a hundred feet or so,* and most of 
those con8truote<l are far lower. A project w^as prejwired by Mr. 
WocmIh (of tke Punjab Irrigation Department) for an earth dam 
reservoir on a large seale, at Kodi on the Jumna, so long ago as 
1912; trial Imrings and preliiiiiiiaries w'eri* carried out, wdien the 
w'ar broke out and caused a* cesMation of this and many other 
fvorks: 


Burrard and Hayden. "The Geography and Geology o£ tlia 
Himalaya Mountaina and Tibet’*. Part III. p. 177; on the authority of 
Ool. Montgomery. 

* Jm B. SiShuyler. ''Heaervoiia for Irrigation , l^aier Power and 
Dommic Supply/' 

E. Weyman. **The deaign and congtruction of Dama.** 

W. L. Sirange. 'Tndiao Storage Heaervoirs with Eartben Ihiina." 

B. Bescel. '^Eartlt Bams.*’ 

* The liigbeet earth dam appearv to be that of San Leandro. California* 

tig. : m f««t. 
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The ever present duii}(er of the water topping the* dam, and 
causing its instaiii destrnetioii, is no douht the main reason for 
keeping to a moderate height. The diilieiiity of providing a siitti- 
<ienl. spillway is often great, and in any ease it iiiiist he at the 
top, so that no storage rapaeity is iNdiind it to help in absorbing 
abnormal floods; tlie (tinnel diversion method shows the only safe 
solution. 


«YK PASS TUNNELS FOJt OIVKKSJON OF KIVEKS. 


It would Ke(*m to Ije almost eertain that the haphazard land- 
slip dams referred to almve would in 4‘oiirse of time have formed 
permaiietil lakes to tlH‘ir full height niearly; if tiny had luit been 
topped by ilmsls. It is als<i 4*h*ar that a bye pass tunnel tlirougli 
tlie 4‘lilTs, 4)f KiiiYi4‘i4*nt 4'ross s4M*tt4>n and at a suitable height — far 
Isdow tlu^ to|>-— W4iuld eir4*elua*lly havi* pn^vented this destruetive 
t4>pping. This is the 4‘4Uistruf*ti4iii whi4‘h, it is suggested, might 
lie iiia4h» use of. 


The bye passing 4d* a river tlirougli tunnels is no novelty. 
Apart from tin* great ust* of tunn4*lH in m4Mh*ni Imlro el4H;tri4! 
pra4‘ti4*e, as on the various Ihuiibay wiirks ami on tin* Uhl Kiver 
ill the Punjab, wln*re they a'4*l as 4*aiTiers of the pow4*r supply, 
tiny have als4> b4*en iisimI in tin* way iniw suggested. During the 
eonstrindion of tin* IIoov4*r dam, id the Houhler (^iimui projeet 
ill Amerii’a, the ri\4*r was diverteil through four lifty bmt tunnels 
eaeh l,tMK) f4»et l4Uig, lu'fore the r4Mindati4>iis of the ToO foot arelH*4l 
eoiM*r(*t4* da*iii n>uld la* put lii, the flood t]is4'harge being some 
nisei's flowing at XO iiiih*s per hour.* Here, so far as the 
iliversion prohh*m is 4*oin'4*riied, is jiraidieal demonstration that 
the method is fiMsihh* on a magiiituih*, both of I'ost and of wader 
volume, eoiiiparahh* with that of the Himalayan rivers. The ust^ 
of a siile tunnel ax a bye pass is iiu^iitloned by Weyiiian anil urgeil 
by Ih^ssel (op, vit), so is far from iHung a novel ainl rash ex]ieri- • 
metil : hut it has not been us4*d as a /lermuiieaf safeguard for sm 
earthen dam of great height. 

(T>NDITIOX8 IK THE TIIMAL.VYAN RIVERS. 

Most of the Himalayan rivers have a comparatively gentle 
slofie in their u]iper r4*aehes, where of course their disjgliarge is 
also n»a8onalde. Thus the slojie of the Indus from its source to 
the base of the mountains averages only lo feet to the mile, while 
‘‘over a considerable length of its course in Tibet, the fall is 
hardly more than a feet a mile.*’ tBurrard and Hayden, op. cit.. 


* ElectHcal Juim 33, 1933, p. 
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p.l71). Th^ capncHy of the biiidsUp lake reft‘rml to a*bove niu^t 
therefore have lK*en very Ijirjije. In eata8tro]>hie. eirniiiiHtancea 
8iieh aa the hnrKtiiif;: of the dam, iiotliiiii; done except 

for the flood and arrangi? for warninp^ to Im? neiit down, aa was 
done. It is not possible to pi*event the bursting of sneli a natural 
bai^rage; bnt it ecM'taiiily is possible to form an artificial lake on 
the same lines in a suitable making arraiifnmimits before- 

hand, by tunnelling a bye pass, so that the dam 4*aii In no circum- 
stances be topped. The matter is simply twi ecommiii' oin* of out- 
lay and return on outlay, if it were to be reckoned sr ‘^product ive 
work’^ ;* but it could be a “protective work’^ from the famine 
point of view, whiidi Mould then resolve itself into a inatter of 
Itow iiinch loss eiinld wisely be incurred. As ptiinted out above, a 
spillway M'ould <ifri*r no security. 

MKTIKII) OF (HlXSTKFtTION sroOKSTKI). 

Tin* construction of smdi a Mork as has been outlined above, 
in a remote ami ratlier inaccessible region, woiibl present many 
diflleiilties ; but it is the en^inet*Fs business to overeoiiie diffleiil 
ties. The pnddeiii is to const met an earthen dniii of the ^t^'eatest 
possible height in the most inexpensive way consistent Mdtb its 
iiKiiiiate safety : and (lie ditllciilty arises mainly in the early 
stap*s, wln*n a ftoo<l may destroy what has been already done. 
This early and most exacting part has paralhds in many existini' 
Indian irri^^itioii works. 

It is clear that before any coiibl be nimle on the 

barrajre itself, both the upper (peruianeiit) u'lcl lower (<*oiistrue. 
tiou) hye-pass luiiiiels would have to he eoiripleti: in every respect; 
their order of construction 'ivoiild he iiiimaterial, except that the 
njiper one w'oiihl he entirely secure from damam* iw idreuni- 

stances, M’hile the lower one woiihl he more vuinerahle. 

* 

The loM'er 4»r const met ion hyepass tunnel Mould be at about 
lied level, its function belli" to divert the riv#*r dnriiij^ the forma- 
tion of the harrafre iifi to the height of the perinanent. bye pass; it 
M'ouhl in any case be silted np in course of time, hut it M^onld not 
form jiart of tlie fiermanent Mnrks and could lie blocked at the 
month when 'done with. The anthoritieH arrive that a pipe 
throu^i the dam itaelf vfould be unsafe ; even if bedded on a riffid 
M’all.* This temporary hye-pass M’oiild harv’^e to lie capable of 
carrying? nearly the whole floofl discharge of the river; not the 

* These are InSiaa famine tenna for irrigation worka. 

* Weyman ; Beml- Op, eit. 
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whole, bifcause bjr eliooning the j*i|»ht time for beginning work on 
the dam, it would be possible to have eonKulerable storage room 
behind It in time for the following flood seirnon. 

Coming now to the permanent high level bye pass tunnel, the 
main problem of ealeiilation w'oiild be the determination of its 
eapaefty.* Allowing for the storage ca|iabilitieH of the site, this 
would depend tipoii.ihe height of the entrance above bed level and 
on the in<»siii discharge of the river during the period w'heii the 
snows are melting, or during ttie monsoon, whichever may Ik? the 
greater — in the liiinaiayas, it will be the former. With sufficient 
storage ca'pacity, the niaximnm flood tlischarge (once tiie barrage 
is complete) is Immaterial. Assiiine for a moment that the whole 
Work has been nia<le, Avith the fiermanent bye-pass coiiiparatlvely 
low down and capable of carrying the mean discharge on a 
nominal head Avitlioiit being Avholly snlancrged: then a heaA^y 
flood would cause the lake level to rise, and the tunnel discharge 
would increase acccu'diiigly. (Vlculation and experiment in the 
early years would oiiuhle the final waterway to he such that the 
water could never rise to Avithin (say) 15 feet of the crest; awl 
this margin, whatever it might be, would have behind it a huge 
watersfiread extending upstream for a score or more miles. 

The main tunnel entrance Avotild he as low down as would he 
eoiisisteiit with safety, in view of the silting up of the lake near 
the dam — ^jirolHildy ui)out 100 ftrt above base level, more or less 
HAUwding to tlie slope of the bed; tlie loAvest hundred feet W'ould 
in any case be useless for storage, and, as the lake tilled up, silt- 
ing w’ould take place further and further upstream. The river 
would flow through under a comparatively small head after the 
storagt^ had been mostly use4l up, just as though there were no 
barrage; and, as the Aoav incTeaiseil Avith the melting of the snows, 
the entrance to the tunnel w'ould be stibmergetl more deeply and 
the dischnrgt' ]»rogr«*ssively inci*eased under the rising head until 
a Imlaiice was attuiued; the lake l>eliind Ailing up until flow and 
dischairgci were equal at a calculated IcA-el lielow the crest. 

Even Avithout regulation, the quantity im{K>anded would last 
for many months after the discharge of the tunnel exceeded that of 
the river, assumiug the itec^unnary adjustments to have been made 
in the first off season after completion of the works. But at the 

^ In all probability at least two pematieiit tunnels would be used, the 
second being at considerably greater height above bed level than 
the first. The lower one would be designed to cany the ami anin 
supply required tor the extended irrigntion deinniid, when* Just sub* ' 
while the upper one would he the^dftMSd seguing. 
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pres^ day. regulation has become a simple matter. It trould be 
- done from almost any distance a tn-o-urire power line and an 
nndicating circuit. Operating power ’ would be available at all 
times at the site, fram the tunnel discharge. Automatic regula- 
tion would probably be better still, so long ns it worked on the 
railway system of safety (by full o])euiiig under gnivity) if the 
automatic gear failed or were interfei-ed witii. The tunnel 
entrancre, at the height suggested, would always have perfectly 
clear water roun«l it. During the brief ]>eriod when it is only 
paii;ly submerged, screens would ^adwiuntcly pi’otect the gate. 
The entrance would us a mutter of rourse l>e some distance nitov4> 
the ujtstream end of the dam, and the e.\it well Ixdow' the lower 
end; it would be advantageous to carry it well into the cliffs, in 
case blasting were used. A sciui rircubrr lM>nd, such as those 
occurring on both the Hutlej and the Jumna, would be ir very 
favourable location for such a work. 

TIIK MAIN WORK. 

Having completed both lo'c-iiasses, llie construction of the 
dam itself would liegiii. The Hi‘asou would have to W ehosmi so as 
to allow the iiiaximum time for (he lower part to be completed, 
so that the combination of the e,onstriicliun tunnel and the, 
storage capacity would safegtiard the work during the first flood 
season. Probably the laise. of the dam in the diriH:t.ion of the 
stream would have to be some quarter of a mile in length. Ix>ose 
boulders would first be dimijicd at the two extremities, and the, 
farlling river would find its way thi'ough them, unless a diverting 
cofferdam were found advisable. Power for *he high-pressure 
pumps and for the transit of materials would lie obtained from a 
temporary hydro-electric plant. As soon us the level of the upper 
and lower comiionents rcachcul well above that of the construction 
tunnd, the space between would be filled up either by blasting or 
by hydraulic sluicing or by both ; and this would presently divert 
^he ^w through the coustmetion bye- puss. Thereafter the 
■ ^filling up would be a* race against time, so ns to bnng tlic barrage 
lip as far as jKiSHible above the low’cr bye-iKiss before the npxt 
flood season. This, no doubt, would offer great difficulties in ^e 
. wray of labour ; but that would all come into the debit and credit 
Uttpiint of the * value of tl|e stored water in terms of com. It 
. WOTld be a critical time, for it is unlikely that the dam conld 
poisibly be built in one season np to the height of the permanent 
bye-pass. Wlien completed to the fall height, to which the gorge 
alone would set a limit — ^for the ^lue of the flooded land would be 
negUgible— the lower tunnel would be closed by damping mate- 
ilal ever the entrance. Leaka^ tbroufl^ it would not matter, as 
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it would luercly come into the it'gulirtion problem. Such a bar- 
rage would be uiiaffecUKl by ciirthquakcs. Again, {tercolatiou 
tliroiigb the great length of the barrage would Im harmless, and 
would stop after a few years. 

Dcariiig in mind the continual accretion of tributaries, the 
voiiime of water to be deait with wtuild not be niiirasonably large. 
The hi'te Mr. it. 11. Jtuckley rwbrds* "extraordinary discharges’* 
of a mimlH.>r of rivers that liave long been under observation. The 
Indus at Stikkiir— hundreds ofomiies from the source — has given 
{)00,(MiO cuNCcs: tiie Oanges at Iteiiairs— stiii more disfnnt from 
the hills — rt'cords 1,2K’*,(WI0 ciisecs. Only a small fraction of 
these discharges would ))e found in the upper Iliiimlayas at the 
time of ht'aviest discliargc;. Once the work was done, the 
greatest iloml would mendy raise the lake level, and the 
impounded water would be available over a long ()eriod in the 
lower reaches, instead of flowing over the canal waste weirs and 
Itciiig lost. 

Tlic diiliculties are formidalde, but tlie prize is groat. The 
ideji of constriictiug siicli an unconstitutional work will doubtless 
strike most civil engineers with amsr/mnent and liorror; but it has 
lM*cn done liy iiaturo and can be ivpeated by man. 


* Irrigation Tocki't Book. . 




DISCUSSION ON 

THE POSSIBILITY OF FLOOD REGULATION 
AND CONSERVATION IN THE HIMALAYAS 
FOR IRRIGATION OR POWER. 

Mu. A. 1*. AI.uujiK Ks rtHiiai'ketl that Ml*. Mcares appeared Mr. a. p. 
to KHjj{^t*st that hin papui- was iiitciuliMl as a cliallen^o Maddm-k*. 
to the aiitlioritative opiiitoii that the storage of the 
llooil waters of the iliinahiyaii ri\ers was ijot an ccomitniv 
proposition, lie did not, however, diseiiss tln^ iinaneial as'|;eet of 
his proposals hut devoted his interest in;r paper to the qin^stion 
as to whether sneli stora^^e was a praeliiahle nufnwvnmj iiniKer, - 
a p(dnt on whieli there was [iroiiahly no ‘•li'al ililfereiiee of 
opinion. With regard to the hye |mssiii}{ of the Hood water 
tlij'ouji;!! a tunnel, (his method of <lealiii^ with ilood water had 
been in use — of lonrse on a niueli smaller s<*ale for tia* past 
lifty years at. one of tlie Reservoirs of the Stoekton and Middles- 
liorou^h Water Hoard in the Tees Valley. There a vertical over-^ 

How shaft or waste pit, with a Isdlmoiithed entraiiee and eireular 
overtlow weir, eond acted (h(‘ storm How into the hye pass tniinel 
lU river hed level which was provided for the disclnn*}(e of Hooil 
water dtirin^ the const met ion of the earth emhankiiUMit , a water 
cushion hein^ provided at the lad tom of the ov<*rHow shaft. The 
hye pass tnnmd was thus permanently utilized for two thirds of its 
len;;th as the overtlow ehannel from (he rcM'rvoir. If a similar 
;arrai!j!:ement could Ih» ad(»pteti in tlie'ca’si* of the works Kn;;j»esled 
hy Mr. Meares there woiihl he no nci'essity for more than one 
hye |aiss tunnel, and the coni^t met ion tiTiinel could he made to 
sunlu(^ Lar^e vertiea'1 outlet and iwerllow shaftK eould he (ake.n 
up from this tunnel to the surface oj (he ground at any desired 
outlet and <iverlh»w sill levels, the dischar;;e throu;;h the tunnel 
and the hrin»[iii^ into use of such overtlows hein*^ contndled hy a 
sluice or sluices a1 a snitahle point or ]Mdnts in the tunnel. The 
horiKoiital (const met iona It entrance to the hye jsiss tunnel wcdild, 
of course, lie tiirowii out of use and hloc.kf*d tit) when the emlaink- 
lucnt wjrs completed ; the tunnel lielow the masonry hlockiuj? 
would not be silted up, hut would be available as a permanent 
outlet and overflow channel. Apart from the construction inlet a? 
c.inailar overflow* weir at lowest draw*-olT level, with a vertical 
shaft, liellnioiithcd art the top, coinniunic<atiiig wnlh the hye-pass 
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tunne] (with a water rnnhion at its bane), would probably suffice 
for all purjioHCN. A Ker<ind shaft with overflow weir ajiproxiiiurtely 
at the level to whirli it was eousidered safe for the reservoir to, 
l)e allowed to fill at all times of the year could, however, be pro- 
vid(Hl without coiisiderulde additional (expenditure. Flood water 
would then partly la*. aliHorbed by tin* stoi^r^c^ eapaeity in the tank 
tK»tw(-en thin level and hi^h flood level, anU partly discharged 
down the two shaftH. ^ 


Mu. Uam Kisiioum r(*iiisirked that Mr. Meares had |»ointed out 
(hat in Northern India the gr(‘a( canal systems urei-e 
alr(»ady using a very large, proportion (d (he total water 
(hat arriviMl at tiudr heudworks in tla^ iiTigatiiig season. 
During certain portions of the Irrigating scmson thi^v used 
all the water available at tlieir In^adworks ami r'oiibl use 
mueJt more if It was aivailable, with great iMaielit to the country. 
The author siigg(*sted (lie <*oiistriietion (d mek tilled dams in tim 
Iliinnhiyas for the storage* of tin* iiiotisooti discharge to he utilized 
when the ordinary discliarge of the rivers was insiitricient and 
jiointed out iliai (lie difliculties were formidable, hut the prize 
was great. Mr, Meaivs sinmied to consider that the construction 
of rewt'rvoirs in the Himalayas was the only inwticahle method 
(d inercMisiiig the suppliers in the eanals ted from the Himalayan 
rivers during (leriods when the ordinary riv(T supplies w'ere low, 
but Mr. Uam Kishore did not think that was the ease. In u 
paper on “Keservoir Froje<‘ts for the Vlaiiis’' which he presimted 
Indoiv the V, V, t'entre of the Institution some years ago 
he sugg^'sted the (^(iiistriictioii cd hrrge reservoirs in the 
plains in waste land or other cheap land, with banks on aril four 
sides. These reservoirs n>iild Iny built close to or wnthin a few 
miles from an existing canal and i*ould filled from 
the canal during the monsoon, or at oth(*r times M’hen thei'C was 
water to spare, jwirtly hy gravitation and partly hy pumping, 
and could supply water to the cainrls when thc*re was a demand. 
Bo far as he could S(*e thc're weiv no engineering difficulties in the 
way of the const ruction of such reservoii?, but there ■was the 
(piestlon of cost. So he bad assumed a typical reservoir one 
scpiare mile in iri*en with earthen banks 20 ft. hfgh on all four 
sides and calculated the cost jier acre foot of water supplied from 
such a reservoir at times when the demand for water was greater 
than tlie supply from the rivers. The cost came to Rs. 3.1 per acre* 
foot iDcludiiig all ruuiiiiig charges, interest on the Capitarl coat 
and depi*eciation on the pumping plant, etc. Later he wgfi able to 
obtain a level chart for an actual site on the Lower Ganges Canal, 
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ttud lie worked out the cost per acre foot for water from a Mr, mun 
rettervolr at that Rite which came to Ra. 2.2. All this was dona ****“**■ 
f in 1030 and 1031 a’hen the rirtoa for intereat and the price of 
materials and labour wei-e high, and now that all these rates whra 
low, the cost could proliahly lie rtHluccil liy 25% to 30%. 

He did not know what the cost w<>nld he for water supplied 
from resen'oirs in tlu* Hiimrlayas us proposwl by Mr. Mearcs, but it 
• might possibly lie as high ns or higher than that from the reservoirs 
'proposed b> him. Moreover the rcseifoirs pi-oimsed by him could 
lie built a few -(even one) at a time, as dcimmd arose, and further 
experience obtaimNl and improvements made. The Capital 
cost of a reservoir one mile square including machinery and all 
overhead charges came to Rs. 2,R0,00<i appi'oximately in 1030. 

-There was also another method of increasing the irrigated area 
which was being adopted in the T. 1*. on a large scale, vis., by 
sinking State Thilie AVelis. Tlic charge ninde liy the Ir^gation 
Department for water from these tnlm w'clis came to about Bs. 8 
per acre foot, and these wen? Ismeficial to cultivators and also 
•miiunerative. to Government. The wist of w'ater from the reservoirs 
siif^jested liy him «-omiiared very favourably with the cost of 
water from tube wells. However, tube wells had the advant- 
age that they did not mpiin? much land and tnlie w’cll irrigation 
would never pnidnee water logging. Gn the other hand, tulie wells 
could only lie sunk where there wen* good water-bearing strata 
and for economical working it was desirable that the spring level 
should not lie verj* low. In the cjifK* of reseiwoirn a low* spring level 
was an advantage. Thus there were many places w’here it would 
Is* lietter to build reservoirs rather than sink tulie wells. This 
construction of both could lie undertaken simultaneously at suit- 
able sites. 

Thb Atmiou, in reply, said that liJr. Maddocks’ remarks the Aothw. 
w’ers interesting and to the point. The author had chal- 
lenged the authoritativo statement that the qm'stioii of 
storage in the Himalayas did not deserve further investiga- 
tion than it had had— amounting to very little. It was 
generodly admitted that very much more water could be need in 
the irrigation season if it were available; and when the next 
famine came it* was quite'Vertain that there would bn an outciy 
because no provision had been made for this extra supply. Tbd 
provMon of it was mainly an economic problem, but he thought 
that he was right in saying that the Himalayan area had been 
B^lected mainly on engineering grounds, because the masoniy 
da|^ had alone been considered as a means of cloring a gorge. 

Rmrihen and rock-filled dams had hitherto been confined -to low 
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thor. heiglit-K mul mow* or 1(*kn [ilacirt watpia. The ess(*ii«* . of tlie pro- 
pOHal WiiM tliK nMiiiiinoil bro-]>aHM ami flood oiitH; and Mr. Mad- 
dork HtiggraliMl the nar of a vertical piiie inatead of a horizontal 
tunnel. Tiiat in<‘ttiod waa in iiae alao at Trollhatten, though the 
vertical ahaft waa In rock. Aa to theae alternatives, eatiinatea in 
each spetdlic case could alone* show which waa the heat ; lint it waa 
eatahliahed (liirt a tiipe iiiiiat not pass lliroiigii an earthen dam; 
it would have to go well ladow it or at the aide. A jiipe overflow 
could prolialdv Ih! ao designed aa to fullil the donide function of 
eonatriiction and ])erninnent bye paaa. 

Mr. Ram Kiahore’a cetiaiucnta were iinrinly in support of a 
diffeirnt iiropoaal altogether, which hi* had already urged in a 
laipcr. lie would atore water for the aaiuc ultimate use, but on 
H very small scale; and flood regulation in the liimalayna did not 
come in. 
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Ill 1027 it was finally decided by the IMiblfc Works Department 
of the Governiiieiit of the Central l*roviuc*es to const met a bridge 
over the river Nerbudda and so form the last link in the chain of 
cominniucatiou between Jubbiilpore and Nagfoir, the seat of the 
Provincial (loveriiiiient. 

Ill view of the fact that the bridge was to lie a large one, the 
selection of the most suitable and economical site was a matter of 
importance. 

Tilwaraghat, a point some S miles from the town was even- 
tually selected. 

In order to appreciate the difliciilticH in eon/iection with the 
selection of the site and the construction of the bridge, a proper 
appreciation of the river should first lie obtained. 

'In its upper reaches this river lies in defile flanked by 

two abrupt ranges of hills. In fact the whole catchment arc^a is 
almost equally precipitous and some s miles below Tilwaraghat 
site the river passes through tlie well-know'u marble rock gorge. 
Consequently when heavy rains occur in the upper reaches, the 
water level at Tilwaraghart rises with baflling rapidity, sometimes 
at the rate of 30 ft. per hour but more generally at the rate of 
2 ft. to 3 ft. jier hour. 

The difference between the highest and lowest flood level is 
nearly 78 ft., a tremendous depth if it is realized with this rise 
the maximum velocity is 15 ft. per second, and the width at the 
bridge site is over a quarter of a mile. 

During the dry season this large river shrinks to a small 
ehaimel 2 or 3 feet deep by about 100 ft, wide. 
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Another fapCtor'^whicb eeriouely affects the type of bridge is that 
during high 1Io<h1s many big tn^es complete with roots and 
braucti({S aix* carried down the river. Sometimes the trees a|p in 
a vertical position with the branches rising many feet above the 
water. At times it is a <|<iaint sight not niilik*? a floating forest. 
However such floods are iinfreqtient and even in mild forms come- 
but once or twice a year and continue for Zi to 3C hours on each 
occasion. 

The course of these drifting tiwa inclines towards the banks 
so long as the river continncs to rise, but during subsidence of the 
river tlic course changes towards mid stream. 

Anotlier int<Testing point is that so lung os the river rises, 
the water Is distinctly warm iiut as soon ns it starts to subside 
the teiniieraturc of the river cools down. These particulars 
shoukl make it clear that (lie river in flood is an exceptional one 
with {Mfculiar difTerences of its own but some arc' common to most 
rivers. 

To build the bridg(> near .lubbiilpore certainly pi'esented 
serious proidems and this will perhaps be better uiulersiood when 
it is also realized tliat of the 7H ft. flood to which the river is 
subject 40 ft. goes over the top of the roadway. 

During the big flood in 1020 the sfeel bridges over the O. I. 1*. 
and the It. N. K. across this river were washed away. 

Tlie higiiest flood level is K. L. i2."i5 liut this is exceptional, 
in fact there is no other known nword of such a flood in the dis- 
trict. The ordinary flmal level is U. L. 12.'10 whilst the normal 
level of the river during the rains is below It. L. 1215. The lowest 
bed level may he taken ns 1175.00 and the rednctnl level of the soft 
WMjk is 1152.00, This 23 ft. between the river lM‘d level and the 
soft rock consists of a stratum of conrs(> sand and gravel mixed 
with large boulders of hard rock. Neither the river lied nor the 
soft rock surface is anything like level. The soft rock generally 
falls away in undulutiiig slopes of from 5 : 1 to 1 : 1 towards mid- 
stream with deeji {Mickets scfitered all over. These conditions had 
a very important bearing on the ofieration as wdll be shown later. 

According to the above data in cast‘ <»f high level bridges'* it 
would 1 h‘ necessary to lift the iMud level a few feet abo\*e high 
flofsl or say a ledutwi level of 12Gf> ft. w’hich would lie 108 ft. above 
th^soft rock level as the intervening layers of sand and gravel 
might easily have la'en scoured out by such a turbulent river. 
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As the Qsnat high flood level is not more tlum 1280 ft. 
an enormous additional height and length of bridge vonld have 
been rlfaired f&r the sake of the two short tluo<lB which happen as 
a rule once or twice a jear. 

There was therefore a distinct economic advantt^ in adopt- 
ing a submersible type of bridge whereas the dismlvantages were 
trifling. 

A road formation level of 1215 ft. was therefore adopted and 
the bridge was designed so that abnormarl floods could pass over 
it without damage. 

As the water in tiic river hud a velocity of 15 ft. pt^r second 
serious consideration had to be given to iiie fact that largt^ 
trees and lugs flouted down during the flood season. It was 
necessary that the bridge should give tlie least possible obstruc- 
tion to these obpK'ts, that is to say when the tre«‘s liit tlie brfdge, 
as they would, they should be allowed to float away ns soon am 
possible and not uccuinnlirtc a lot of debris. It was thei'efoi’e 
important that there sliould Ite no under-beunis or pockets or 
ornamental work on tlie side that would retain floating logs or 
11 * 608 , etc. If a log were held in a ]>ocket or alongside tlie bridge 
it might in course of time do a lot of siuions damage by hammer- 
ing on the concrete. The tremendous power of these floods may be 
appreciated by the fact that the gremt flood in 192(> not only wash- 
ed away two steel bridges on tins river but when one of the girders 
was eventually found a long distirnco dowm strtmm, it was 
‘ discovered that this girder had lHK*n pierced by a 'og and damaged 
to such an extent that it could not be used again. 

The live load for which the new bridge has been designed was 
consider^fl to be approximately eiptivulent to 12 units B. 8. 
loading with 60% impact and a* temperature variation of plus or 
minus 20*’F. 

All these conditions point to the fact that a structure of the 
strongest material and constrnction was required, so Reinforced 
Concrete was chosen. This selection was farther supported by 
the fact that good sand, gravel and boulders were available in 
large quantities In the river be<l. A monolithic structure of Rein- 
forced Concrete with a central span of 200 to 300 ft. would pro- 
bably have been the most economical, but owing to the com- 
parative cheapness of stone masonry in the locality it was dedded 
to build Reinforced Concrete arches over piers constructed fh 
con||^ rubble mastmiy with plum-cont^te hearting. 
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Tiic plan finully adopted cuiiKfatcd of 14 spans pf which 8 
HpiniK wct'e oacli of 50 ft. and the I'cmainiug 6 spsnis 105 ft. each. 

¥ ■ 

The wing walls at one end of the bridge were 125 ft. long aifd 
at the other end 10 ft. in length according to l>rg. No. IE, so 
the overall length of (he bridge is 1222 ft. 

As this is a tirst class bridge, the width chosen was 21 ft. 

As an additional precaution agiiinst any unforeseen pressure 
which might o<‘cnr twelve oltl ririls wei’e built up inside each pier 
from (he foundation up to the springing of eacJi arch. The piers 
wei’e provided M'ith cot water nosing of Bitsalt stone. Open 
foundations were adopted even though there was a general feeling 
of doubt and nncerlainty as to their success. They are the soffest 
and best if It is possible to complete them with reasonable 
economy. 

The geological data and (he. result of borings, supplied to the 
contractors, gave no indication of (he serious diiticulties that were 
evenlually enconniered in actual operation and niom>ver could 
not be expect<'d to show what the (rue position was, as lissures 
were encountcn'd in (he rock foundation which could not be 
indicated by any method of boring. In the small spans the soft 
rock was found at a high level and the bottom of the foundations 
were practically above dry water h‘Vi*l, thus their construction 
was <|uitc a simple matter, but in the case of the large central 
spans it wsis very dilTerent so an attcin[)t was lirst made to build 
(he foundations within a steel sheet pile cofferdam. 

In February U>2n a start was made on the small sjuiiis, but 
work could not be seriously conimeiUHHl (ill (he next stnisoii (ItKUli, 
on the large spans as (he bulk of the ne<’«*ssary plant and uiacliinery 
had to be transportiNl from <’alciitla. 

Though it arrrived before the monsoon, local opinion so 
strongly imrsisted in the view that the river would scour out any 
steel piles left in the bed, that in deference to this' local view, pile 
driving was left ovcu* (ill ItKJO, av it could nor have Ikhui eomideted 
in tin* short paH of the (irst season then available. Local opinion 
w«w however entirely wrong; even the stone blocks bnuight into 
(he river Iw’d for masonry work and which had to be left there 
during the ilood wei’o not wushed away. ^ 
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As the working season for this river at Tilwaraghat is very 
short, only about 3^ months, it became necessary to carry or haul 
all ther plant and machinery from the river several times before the 
bridge was completed. This I'e haiidliug of machinery in addition 
to the cost of remaking the HUi*face road and temporary bridges 
each season proved to be relatively expensive as there was ar rough 
bank nearly 70 ft. high which had to be negotiated each time. It 
sliould be reniemberi^d that a» iloml sometimes arrives and rises 
very rapidly with practically no previous warning. 

Strangely enough, though the river bed is all covered with 
gravel and soft nx'k, no suiLiblc stone was arvailable for the 
masonry work. All the stone for this work had to be transported 
at least H miles from Katanga liiinrry near diibbulpore. Home of 
the Basalt for the cut waters had to be taken 15 miles. The total 
quantity of stone masonry was about 1S7,(I00 eft., the bulk of 
which was trnnsjmrled by <%nrts which were extremely slow. 

Incidentally a particular machine was required urgently 
from Calcutta so it was sent by Motor Lorry all the way by road 
from Uab’Utta to diibbulpore, nearly 750 miles. The lorry landed 
safely without any serious hitch in spil<» of the fjud that at one 
bridge, the iiuM'liine It was carrying liad to be lifted out of the 
lorry, manhandled over the brblge by coolies and then rcdoadeil 
into the lorry again on the other siile after the lorry had made its 
perilous journey ov<*r the hridge alone. 

For the transport of cement — (> miles from Madanmahal 
Station a l-loii lorry was eventnally used. 

In December 1929, tha*t is at the teginning of the second dry 
or working season, a comiiieiiceiiieiit was made in Pier No. 7 liy 
driving 15 in. by 5 in. sheet piles so as to form a cofferdam. As 
the sites for the other central piers were still und4*r water thc?y 
could not be started till much later on. 

From inforin(rtioii obtained from the geological section, it was 
calculated that Ihe top of the 20 ft. piles would be above water 
level after allowing them to i>enetrnte 1 ft. into the soft rock, but 
contrary to expectation the rock w’as found to be irt a greater 
depth. Thus the piles had to be driven 3 or 4 ft. below the lowest 
wate# level. Consequently they all had to he redriven when the 
wa^ subsided. 
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The rush of water into this cofferdam was so great that^ three 
8 in. dia. mitiifugiil pumps <lriveu hj a portable steam engine 
and two oil oiigincK had to la* inatuiled for completing the 
cofferdam. 

After the shi'et piles bird been completed the area behind 
them was excavated to a depth of 1 ft. below the top of the piles 
and the entire sloping area was tilled with puddled clay and 
further protected with clay in gunny bugs: Sheet piles were 
sitiiihcrly driven in IMers Nos. I and 0 us soon as the water level 
was low enough to permit the Avork to proceed. The superstme* 
titre for the end piers avuh started us soon as the water level had 
gone down snfliciently. Thus by the middle of Februaiy 1930 both 
the abutment and wing walls as well as Piers Nos. 1, 2 , 10, 11, 
12 and 13 were complete up to the springing of the arches. The 
foundations of the abulnicnt Piers Nos. 3 and 9 hud been taken in 
hand, but the site for tlie central piers was still under water. 

(■oiisiderabb' diflieulty Avas encountered in re-exea\’ating Pier 
No. 3 Avhich is in close proximity to the stream. It was, however, 
found (MiHsible to rtdiice the imrcolation into this cofferdam with 
the lielp of limber shoring and puddle bags along the side of the 
stream. In nd<li(ion a small cement concrete wall had to be built. 
Whilst this Avork in mid-stream was in progress, centring for the 
end spans avim commenced from the abutment ends. 

For the first span on the Stmni side the Avhole span was 
temporaAi’ily filled up solid Avith earth packed between di^ stone 
Avails. All tlie rt'st of the centres Avere of timber work. 

In tlie meantime the excuvirtion and timber work for the 
coffurdaui of No. 7 Pier had been commenced and also the open 
excava’tion for Pier No. 8. The top of the rock in No. 8 aa’us only 
12 ft. ladow the river bed and 8 ft. below the water level. When 
e.vcavation had iicen taken down to rock it was found that tfe 
surface was so rugged and full of pockets that “blowing” start- 
ed immediately. In some places the water pressure displaced the 
concrete wall. This necessitated a further protection so the walls 
hud to be tilled behind with puddle bags, dismantled and re-built 
after the pockets hud bert» filled with cement concrete. By this 
method it was possible to finish the rock cutting up to a depth of 
R ft. bolOAv the lowest rock IcA'el and to lay the foundation. 

In order to carry the water to the pump sump, a drain was 
formed just outside the foundation. In the sump one 8' and 
one 6' pump AA'ere found to lie sufficient to allow the masonry 
work to proceed. 
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Pier No. 7— Tbe size of the foundation art the bottom of the 
central ^ier ’U'as approximately 38' x 18'. The rock on tup 
was soft and fissured so it was desirable to take the excavation 
5' into the rock in order to avoid the possibility of damage due 
to the river scouring. The sizt* of the coffeiHlam was 60' x 30'. 
This allowed approximately C’ all round for drainagt; and protect- 
ing work. 

As the excavation in this pier came nearer to the rock and the 
suction head increased, the water pn'ssiire larcame so gi'cat that 
one 10", five S* and ojie 0" piiiiip were not sufiieieiit to keep the 
water under control. 

Owing to the obstruction of iMMilders at the time, of driving, 
some sheet piles wein deflected from the verticstl and broke their 
clutches, thus leaving serious ga'i>s through which water carried 
large quantities of sand and gravel. In some instances the sheet 
piles W'crc split for some distaiuM^ producing somew'hnt similar 
results. It was further found on examination that there were 
pockets and fissun's in the rewk which ran under the sheet piles 
like channels and so formed additional passages for the water to 
imss from the outside to the inside of the colferdtmi, as it was 
quite iinpossilde to drive st<‘el sheet piles into tliest^ narrow long 
grooves. It soon biH'ame quite evident that a different type of 
foundation was iiecjssary and as the conditions of d’lers Nos. f» 
& (5 w'era likely to 1m; similar to or worse than those of No. 7, 
so the work of all three piers was |»o8tponed until the P. W. 1>. 
decided wdiat type of foundation they were i>repareil to accept. 
In the meantime the steel sheet jdlcs had been completed in Pier 
So. 6 and the cofferdam stood rc*ady for excava’ion. 

Wl|en it was evident that no progress was {Hissible during 
thin season on these iders. No. 4 was taken in hand. Here the 
roqjt level W'as considerably higher than No. 7 (rnd ntirrower piles 
weire used. The cofferdam was also diA’ided into two halves by 
means of a line of sheet idles across the middle. 

Work in the down stream — ^lialf was carried out without much 
difficulty and the masonry in this half was brought up to a level 
of 5 ft. below the river bed, where it was stopiwd so tliirt it could 
be joined on to the other half. Excavation and timbering in the 
other half was then pn^ed ahead, but unfortnnately a blow was 
found through one of the piles splitting and through a broken 
clutch. It was however itossible to keep the water under control 
with three 8" .pumps and at this time the river level was at its 
lowest. 
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When the rock Tutting wa8 actually finished, but before the 
concrete could Im* placed a flooil suddenly came down without any 
warning and ho btopiM,^d the work. As the water rose 5 ft. in 10 
iiiiiuiteM, there was no chance even to remove tools and plant so 
the upstream half of IhiH foiiiidation Inrd to be postponed till the 
next season. 

During this period work on the end span was progressing well 
so by the close of the season of 1030, all the live arches (50* ft. 
eacdi) on the «7ubbiilpore side £md the three arches on the Seoni 
side were c.oinplete. Tims at the end of tin* seiison 10.‘M) before the 
moiiNOon burst the 50 ft. arches, the two abiitineiit piers and 
half of pier No. 4 were finished; and pier No. 8 had been built up 
to springing level. So far as pier No. 7 was concerned there were 
two possible alternatives under considera*tioiis : — 1. U. C. Piles. 2. 
Wells. 

There were, however, very serious objections to well foiinda* 
tions, as the same difliculties would occur as in the case of the 
cotrerdain, owing to the existence of gravel and boulder in the soil, 
the undulating charactir of the rock, nnd the lueseiicc of pockets 
in it. Secondly, (he same sets of cireumstances pointed to the 
danger of the tilting of the wells. Fiiurlly the cost of w^ll sinking 
in rocks would have lieen prohibited. 

Therefore, H. <J. Pile foundations were the only alternative 
left ; but in this case also, several important points had to be 
thoroughly investigated — first wind her it would be possible to 
drive reinforced concrete piles through gimel and boulders into 
the soft rock nnd obtain sufficient penetration to prevent scour. 
Secondly, whether it w'<iuld be possilde to make the place roiiud 
the piles sufficiently strong against scour, by cement grouting 
round the bottom. For various obvious reasons piles ciist in 
ititti \veri‘ ruled out. Pn*cast irinforced coin*relo piles were nm- 
sidered to be the only practical alternative. In order to definitely 
prove that K. i\ Piles were feasible, one was cast and successfully 
driven with a two ton droji liauiiiier 2 ft. into the soft rm^k. 

The experiment with eeraent grouting was also carried out, 
through an IJ' dia. G. I. Pipe wiiich was provided with an iron 
shoe and a socket cap at the top, and then driven to the toe of the 
pile with a 14 Ib. hammer. The exjxudment was made near No. 
8 pier, where the rock was 13'— 14' from the bed and 6'— 
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6‘ below the. water level at the time. A(ter a few days the 
place was excavated and the grout removed. It was found to 
Itove cuvei'cd an urea of 3 ft. and a depth of 3 ft. 

Tlie pile finmdatious that wm* evt*ntnall.v accept«*d were 
designtMl to carry a ttdal vertical load of l.tioO tons and the nu- 
hulaiiced horiKoiital tlirust duo to live load of SO tons, and the 
horizontal thrust on the. ilownstrwun side due to fitxMl pressure of 
90 .tons. Thus .‘fci Nos. \V R. Pilw in four rows of eight each 
were designed to carry the vcrticorl load. 8 Raking piles, four on 
each side, were provided to take the unbalanced thriist, at a rake 
of one in thrcHi, and tl more nikiiig piles wen* placed on the down 
streuiu side to take the horizontal thrust due to flood. In the 
Itegiiuiing of the season of 1931, the manufacture of these piles 
were commenced. 

The relnfon'cments in the piles consisted of four }' dia. 
rods and |’ helical binders at 3‘ pitch with stiiTcners at 
3 ft. centres. The size of the core wsis IT x 11*. 

The IMles were cast in wooden boxes close to the edge of the 
water and special care was ta-ken to ensure that they weiw 
straight. The pniportion of the concrete for the liead (»f the 
pile was 1 : li : 3 and f»»r the r<*st of the pile a proportion of 1 : 
2: 4 was used. The water eeinent ratio was galbtns jMfr 
cwt. of ceinent. b'or the first ten ditys the pil(‘s were inalnrcd 
under wet bags and then rolled over into trenches, where they 
were kept submerged for at least two months. 

Two sets of pile driving plants were eixseted to expedite the 
work. One set wsis ns<sl fur the vertical piles with the 3 ton drop 
hammer, and the 2nd. set for baiter piles with the two ton drop 
hammer. As the pile-hemls were to be driven to a depth of 10' 
— 12' 1m‘1ow' the river bed level, and 8' — 10' below water 
level, the ground bad to be excavattal .to the Imttoin of the 
Cifpping slab with the help of pumps and clay bags, in Piers 
No. R anid 7, and inside the sheet pile cofferdam in Pier No. 0. 
The piles were driven down to refusal. Driving with a dolly was 
found unsuccessful for such hard driving. The specimen blocks 
of 1 :2:4 concrete usi’d in piles wigv found to devebi|» a- strength 
of (i.tKK) Ills. si|. jncli lYi 28 ila.vs — as rcjiorted by the AI!|hiI‘« Test 
Ilonse. 

Though it was specified that piles should be considered as 
driven to refusal when a ion drop hammer with 8 drops from a 
height of 4 ft. would not penetrate more than y, driving was 
continued until there was 1' 6' to 2' 0' penetration into the soft 
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rock and thie waa only iioaaible b; 12 ft. drops with a 8 ton drop 
hamuier; any further penetration was practically impossible. 
The plies were then examined by excavating round the upper 
]>orlion to HHcertuiu if tbei'e wus any damage carused by such hard 
driving, bnt none whatsoever was found. Ueavy boulder-filling 
uuditr and round the cupping slabs was then put in, as scour- 
protection. Tile heads of the piles were then dismantled and 5 ^ 
2} : 1 cement concrete 1 ft. deep was placed round them. Over 
this, 2 ft. d(>cp K. O. Concrete slabs 4:2:1 were laid. The^kods 
of the iimken pile-heads were turned down and secured to the re 
inforcing rods of the capping slalis; the bottom of vertical rails 
were also emlH‘ddcd in tliis slab. 

There 01*6 twelve 75 lbs. rails provided in each pier. Over 
tliese capping slalis, piers w'ith C. it. Alasonry, and Plum Con- 
crete Hearting, were built up. Thus at the close of the working 
season of JiKil, all the ceiitra'l [ders were completed, and G Nos. 
105' (centred arches still iiad to lie completed. It should be 
noted tlint siweral times during construction of the bridge the 
airhes were subject to floods 13 ft. to 20 ft. al>ove the crown of 
the arches. 

Owing to the late rains the river water level did not subside 
sufficiently till .lanuary J982 so a start on the staging for the 

10.5 ft. arches was debiy<>d. It was tlien found p(>ssible to erect 
the staging on ssmd tilling. This staging consists of 8' sal 
ba Hall spaced G ft. apart along the bridge and 4' — 2’ across, 
standing on sUMpers sufficiently spread to allow 7 sft. bearing on 
ground, the total load that had to In; carried by each ballah was 

3.5 tons. These props were braced by 5" s 2' and 4' x 

2' scantlings both horizontally and diagonally both ways and 
bolted up to make them as rigid as possible. On top of these 
pi-ojis 0’ X 3' longitudinal runners were bolted to the 

required curvature of the arch. In order to bring the load 
vertically on the proits 10" x 5'' timber capping blocks 15* to 18* long 
were used Indweeii the bottom of the 0*x.3* runners and top 
of pn>p. AVwlges of hal'd wikmI 12* x 3" were used at the 

liottom of each prop so ns toaeuable the centring to be released 
after the concrete had lieen completed. On the tpp of the runners 
6 in. by 2 in. C. P. teak planks were fixed as lagging. The 
lagging v^as fixed 2 indies at the crown above the required level, 
so as to allow a luaigin for settlement. On the lagging 1* dia. 
reinforcing bars 8' centred with ^ diar. distributors 1' — 

6' apart were placed both on the top and at the bottom of the 
arch ring. Additional J* dia. bars^.urere placed 8' apart 
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from the springing to'l/lO span towards the crown to provide 
additional strength at the baonches of the arch. Out of six 105 ft. 
arches the drat was concreted in the beginning of February 1932. 

In order to complete the arches by the middle of May it woe 
necessary to have four sets of staging and centrings. To reduce 
the width of the stream to its minimum and to Iluish the concret- 
ing of tlie arches as early aa possible ; tf ft. of sand iilliug had to 
tie done under the staging in some cases and this in places had to 
be protected by sand bags and timbering. 

In order to keep the streofin running u diversion was consider- 
ed to be both expensive and dilatory, the staging over the stream 
therefore had to be carried on ballah piles with 15' x .5' sheet piles 
ns girders. 

There was approximately 6,000 eft. of (concrete in each arch 
and on an average it was generally coiiipleled in 4 days. Two 
temporary hing<« near the K]»ringing and one at the crown were 
left at the time of concreting. In all ivinforced concrete work 1 : 

2 : 4 concivte was used and the Kpe<‘imen test blocks gave results 
«p to 6,000 ibs. per sq. in. as imported by the AIipoi*e Test 
ilonsc. 

Approximately 1,100 tons cement ami 2iil tons of Slcm) rmls 
were used on the bridge. The liaunch(‘K of tbei arcbcK were fillMi in 
witli ]tliiia lime concivte hearting ami on tln*se S'xS'xO* Kulya 
stone wtt iHiving was laid in ceineni mortar c»ver 3" lime concrete. 

Reinforced concrete coping HukIi with the paving was enu- 
structed with a groove to allow the railings to be accom- 
modated during high floods. The railings ai'C collapsible so that 
when ff high flood tlireatens to submerge, the bridge, they can be 
lowered and let into the groove of the cofiing in half an hoar’s 
time. 

The total cost of the scheme including approaches was 
a^proximartely 7 lacs. 

The bridge w'as designed and consti’ucted by the Ckinstruction 
Department of Messrs. Bird & Co. of f’aicntta under the direction 
of Mr. O. P. Walton, M. Inst. C. E., M. I. E. (India), and Mr. 
K. B. Gupta was the ‘Finn's Resident Eiiginw*r. On Isdialf of the 
Public Works I'lepartmeiit, f'entnil Provimics, (under whose super- 
vision the work was designed and executed), Mr. J.*A. Baker, 
C.I.B., was (.’hief Engineer, and Mr. If. A. Hyde, M.G., Super- 
intending Stogineor, wi^Mr. A. W. If. Dean, M.fJ., A.M.I.O.E., 
Executive Engineer and^i Kuhib Ram Saran, Assistant Engineer, ’ 
in direct charge. 
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WALTON & GUPTA ON THE NERBUDOA BRIDGE. 



Tilwaraithat Bridge, Jubbulpore. 


WALTON ft QUPTAiON THE NERBUODA BRIDGE, 



Iwaraghat Bridge 



Subme .ble Bridge he Nerbudda JubbuIpcM 


DISCUSSION ON 

PRACTICAL NOTES IN CONNECTION WITH 
THE CONSTRUCTION OF A REINFORCED 
CONCRETE SUBMERSIBLE BRIDGE OVER THE 
RIVER NERBUDDA NEAR JUBBULPORE. 

In o|M‘niii^ tin* (liNciiKHioii on the paptM’ Mr. 0. K. Waltou 
onl llinl. it Innl Imimi diietly .wrilleu by Mr. (.Juj»ta as he 
was ill <'liar}^i of tin* work at lli« bridge site. 

Ill roiiiieclioii willi Pier Xo. 7 a very serious diBleully occur- 
red, as ex|)laiiied in the iiaper, due to the ]>crcolat1on of water 
through lisHiires in the rock, 'riiesi* tissiires not only alioweil water 
to pereolati! but iinfortuiiately the water brought a huge quantity 
of gravel with it. The gravel, particularly at the bottom of the 
river lied, was very clean and had very little clay or sand which 
might have been expected to hold back the jvater to a certain ex- 
tent. At one stage the soft rock on l*it No. 7 had been almost 
wholly exposi'il, only the low corner where the tissures occurreil 
and where the water and gravel came through in large quantities, 
remained nnexposed. In spite of the fact that extra timber and 
gunny bags had Imh'ii placed inside the steel sheet piles and strut- 
ted tight on to the steel sheet piles in oriler to jirevent or reduce 
leakage, a ti-emendous quantity of water and gravel still uiinc 
through into the pit. A huge canty must have lieen formed liehind 
the cofTerdam with the I’esult that the vibration caused ,by the 
pumps allow'ed the sheet piles to fall back tow'ards the cavity and 
so release the timber, ronswinently the whole timlier and sheet 
piles collapsed, but a movement .was noticed, so the Engineer was 
able to gi‘t his 1*3 men out of the Imttoni of the Pit without injury 
to anyone at all. in spite of the fact that ft only took 2 or 3 
miuutes frmu the tirst indication of movement, before the pier was 
a jumbled mass of timlier, steel piles and pnmps. As a resnli of 
this it was Anally proved that further progress on open foundations 
would Im‘ very expensive and almost impossible linless compressed 
air was used. An altemartive method of reinforced concrete 
piles was therefore accepted. This particular work had been care- 
fully insiMKted by all the Engineers concerned a couple of days be- 
fore the cofferdam gave w’ay, so it could be fairly w^l acknowledg- 
ed that reasonable precautions had been taken. The surface of the 
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ground up to the time the timliers dropi^od Hho>^ed no mgU8 of ur. u. F. 
settlement/ so the cavity, which must have Iweii forming below, 
evidently became too great to withstand the vibrations tluit were 
created by the pumps and so collapsed. Experience showed that 
heavy sheet piles had no advantage for such work as this over light 
sections, and their cost in handling and lransp<u*t, apart from ini- 
tial cost, .was much greater. 

Mr. A. 1. Sleigh remarked that the first point that struck *• 

was the decision which was taken to allow the bridge to be sub ****’ 
iiiergtHl under jiarticularly high Hoods thereby saving nnnecessary 
expense in the cost of construction. Having made that decision 
the next point was to considei^alternative designs and it Avonld 
afipear that the design selected was the one which would cause the 
least obstruction to t1ootl>-a most im|H»rtant point to consider when 
a bridge was allowe<l to be submerged. It would be interesting to 
know wha*l lieigllt of flood and its vebwity wt^re taken in ml 
(ailating the greatest stresses, whicli would l>e set up in the bridge 
structure by a flood flowing over the bridge. 

The paper dealt mostly with the difTicnlty in founding the 
piers. In describing tliew^ difficulties and the way in which they 
were overcome lay tlie chief value in this very interesting |)ajM‘r. 

The (jiiestions tliat would be asked after reading the paper 
were : 

(i) Was the **Dpefi Foundations” method the safest and best 

means to adopt for putting in most «>f the foniidatiotis? 

(ii) When this imdlaHl was found to be impracticable in the 

c:ase of piers (> and 7, W'eia pre cast K, piles the 

* most suitable foundation? 

Opinions would vary to (i). Whether that method was the. 
most <ronoinicaI depended on wdiether pile drivers and i»uiniw of low 
hook value were nvailahlc or not. It would Im noted that, in order 
to pumi> (Hit the water from the foundations of No, 7 pii;r, thrw 
S* dia. centrifugal jmmps driven by a portable steam engine and 
tw'o oil engines ha<l to Iw installed— this w'as not siifficJent, for m 
page 20:1 it was stated that one 10’, five 8" and one 0*' pumps wen^ 
unable to keep* the water under control. 

As to the open foundations method being the safest on such a 
work as the partic nlar bridge depended entirely on whether work • 
could be do^e under the supervision of staff who were experts in 
piling or shoring up an excavation, for in order that the work 
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might be done in u Hafe .way piling etc. must be used. The con- 
tractors had the staff and plant and the method used was appa- 
rently (he most suitable. 

On the (piestion of piling the foundations of piers 5^ G and 7 
opinions would differ. It was not by any way obvious, as the 
authors stated, that piles east in ftiiii would have been an unsuit- 
able lyjie of foundallon. Since the si ratiiin through which the {die 
had 1o be driven rejjuired very hard driving, it would seem that the 
steid tube usetl in the east in nitn ry|)e of pile foundations would 
be be(ti*T able to stand up to the hard driving than a pre- 
cast It.(\ pile. Nor was one con\iiiced by what had been written 
ill the Pa|ier that wills stink under |ineniiiati(‘ pressure would not 
have beiui the best and cheapist tviie of ftMindatioii for piers 5, G & 
7. 


Win II biiiidiiig a bridge it was not only necessary to consider 
its initial c(»st : the cost of iiiainlciiaiicc was a most iiiitiortanr 
point nnd a little extra eapital eost iniglil be repaid many times 
over in tin* saving of annual iiiaiiitenaiKe charges. The item 
which would effect fiitiin* cost of niaintenunce was scour. The 
foiiuflatioiis wei(‘ on soft, roek aiul, in the case of the piled founda- 
tions, the piles wen* taken* about \h ft. to 2 ft. into the soft roek 
and the ca|i)}ing slab on the tofi of the piles was siirrouuded by 
heavy hoiilder-liHiiig. This might withstand the scour at the 
bridge Itself hut the ohstruetioii would he certain to cause scour 
lades below the bridg«*. The authorities coiicerneil would be well 
advised to provide in tlic vt ry near fiitniv a suitable outfall to 
the lu'idge. 

The authors described how the foundation for pier No. 4 was 
done ill two portions: one half was done in one season and the 
oilier half in the next season. Were the two halves bonded to- 
gether or just 1ml I jointed? If butt jointed, then was any speeial 
provision made for eap{nng the two portions over and building the 
{der on tills eap? 

Tin* authors tles<*rihed !iow stone blocks which were to Im» iischI 
in the masonry work were not disturbed by ir HihhI. This incident 
was not an niuisnal one. When the pivsent railway bridge across 
the Jumna River (near Suharaupnrj was being" built, in 101.1, a rip- 
cord winter Good came flown and cai'ried aw*ny a steam hoist. 
Nothing was seen of the steam hoist till about a year later wdiei\ a 
boa tmmi struck something Ini rd .with u ]Kde. This was the hoist 
w'hlch lunl ristni to within 4ft. of low' water level. Otlier Engineers 
had had similar f^xiierlence of plant, girders ejtc., being rolled, in 
ct>urse of tiiiie, on iu shallow islamis. 
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Mr. W. E. W. Crealock remarked that tlic autkora had stated icr.w.£.vfr.| 
that local opiiiiou iudicated that duriug itoods the sand or shingle 
the river bed would be in motion to such an extent that sheet 
piling driven therein would not stand. Theji’' Kiibse<|uenil; found 
liowever that blocks of stone left lying in the river knl were uudis* 
lurbed l»y the monsoon Hoods, and so lelt justified in disregarding 
local opinion. This question of tlie iipparent stability of the river 
bed during flood would seem to be om» of great interest not (Uily in 
the case of this particular bridge which had pile foundations 
driven only 2 fei‘t into soft rock, but also as bearing on riverine 
4'oiulitionK ill general. It would theivfon^ be a great help if the 
authors woubl indicate to what extent the evidence of the undis* 
turlied stones Avas i-onclusive. Were they, lor «‘Xam|)le, in a posi* 
fion Aviiere a maximum veha'ily 4»f flood might k exfHrfeil or were 
they sheltered, or in slack M’ater? Were the floods to which they 
were expostMl comparabb* with the gn^atest floods Avhi<’h might be 
expe<‘ted? What was the approximate nafiire <»!' the material 
np*ni whi<*Ji the stones rested? 

Mr. I). (\ W. Tonkin eiupilri»d whether in designing flie arch Mr. n c: w. 
any allowanci* had Is^eii nnnb* for the loss in Aveight due to sub' 
mergcMice. Avheii the Avater r<ise <»ver the bridge. 

Mr. It. O. Harvey spoke about the railings and enquired what Mr. w. | 
type Avas being used. H«rve.v. | 

Mr. A. L. i'amdl aske<l wludher tin* ty|M‘ of pile fouuda'Uon Mr. a. l * 
lidloAVed for XerlunbJa Bridge Piers was similar to the foumlatloii Carroll. , 
Avork done on the very similar K.I.F, Siihnierged Bridge hiillt by 
the J*. W. ])., (Viitral Provinces, over the Wetngangu ItiAer and 
Avhat the Bridge Avouhi have cost if I'lnirsed Kiihhio Masonry Work 
IumI been dom*. There Avas, he tliought, plenty of good stone within 
tramming dj^tam*e. Also he likeil to have further particulars of 
the graA'el strata passed through by the piles prior to toiiehing soft 
ro<dc ami to kiioAv the average sinkage of pile fwr blow through it. 

Mr. C. Warnui Boulton asked whether Mr. Walton could give Mr. c. 
any explanation as to why tin temperature of tJie water, as 
ap the river rose, was distinctly AA'arm, but as soon as it started to 
suhsifle tlie temperature of the rii'm* cfsded down. 

Mr. A. T. Westoli said that he had listened to the authors' ex- ^r. a. t. 
]HiHitaou of the problems st*t them by the necressity of designing this wi-nion, 
bridge with great interest, but at the risk of kdng thought simple, 
lie was bound to say that he misse^l Avhat he might call a stati^ment 
of the fundamental problem which the authors set out to wdv<*.. De- 
signs for bridges were commoh-plaoe* It was in the resi>i.*et that 
" tills bridge was designed to lie of the siibmergeil typ during high 
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Hood JevtdH, uiid llieiH,d‘ore designed to witlisisnid the crouditiuus of 
severe floods in the river tiiat the sriitliors iiad hroiight their paper 
before the Institution, lie would therefore Inive expected some 
detailed consideration as to what. happene<l when a bridge was 
Avashed away, as AA'as tJie case witJi the predecessor of this parti- 
cular bridge. Why was it washed away and wherein lay the weak- 
miss of the design of the original bridge? From these <*onsidera- 
tbnis the authors would, he iinagined. have been able t<» state the 
llH‘ory of what took pbu'e when the previous bridge was washed 
away, a’lid their prop<»salH for ilesigiiing tlie new bridge in siieli a 
inaiiinn* as would prevmit a reeiirrenee of the previous disaster. 
Would the authors therefore please explain what s|>eeial consi- 
derations larsed on such a study had gniiled them in their new de- 
sign? Did they jiostiilate for e\ani[de, such a possibility ivs that 
the river would he in full flood, that all the spare between the piers 
would he tilled with (he forests of trees and floating tlehris Avliieh 
they described in their paper to occur, to such an extent that the 
bri<lge hecaiue equivalent to a dam? Dili they calculate the bend- 
ing inomeiii on the foundational (*onrses wliich such a (oiidition 
AVoiild involve, and make certain that the line of resultant stress 
in the piers <‘anie witliin the middle third? lie shonbl also like to 
knoAV, lie iinagine<l. pre<*lKely how the pn^ssure of the flood Avater 
on the bridge Avas ealciilated ; Avliat alloAA'anee Avas made for dyna- 
mic* and static pressnn* respectively. 

Ibri Saliib K. <\ Ihiiierjee remarked that he was sorry that he 
<'ould not Im' present to congratulate the authors for tlie very in- 
teresting, eoiiiplete aiul instnictiA'e jiaper they had Avritteii on the 
constnictioii of a diflicnlt bridge In the (Viifral Provinces. The 
paper Avoiibl be authoritative as several re info reed concrete arched 
bridges laid been silccessfnlly t*oinpleted l>y them in (’aleiitta. The 
sfHMiker AvaiH not a bridge engineer and did not therefore think hiiii- 
self eoliipetent to olTer any criticism, but being one interested In 
the snbjeet. he had some questions to ask. 

Firstly, he asked hoAV the livt‘ Itmd equivalent to 12 units of 
n. S. loading Avith .">t)% impact Avav decided. A eoiiiiiiittee on the 
Ke inforeed <''ouerete IligliAvay Bridges and (Likerts in Anieriea 
rei'oniim Tided the folloATiiig niiifnrin live load for city bridges and 
biddges on main roads : — 


Span in feet. 


Under 
80 feet. 


80-100 I00--12.S 125-150: 150-200 


Over 
200 feet. 


Live load in lbs. per 
sq. foot 



100 : 


90 


85 


125 


110 i 


80 
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For secoud ehiKis and other classes of bridges the live load rai Bahtb 
was nnuth * less than the alnive. No impact \i'aB allowed in Binnjee. 
those bridges in American States “as from actual tests made on 
highway bridges over the slate of Iowa, under the joint auspices 
of the State lligliway CommisKion and llie Iowa State < ■ollege 
Engineering Kx{)eriment Htation, it was found that impact due to 
maximum loads warn negligible/’ The French (lovernment regula- 
tions for road bridges required the provision of a superload of 
102.0 lbs. JKM' s(|. ft. and a footway superloa<l of 82 lbs. per sq. ft., 
with an impact of :15%. In iiermany, as far as his iuforniatiou 
went, the live hKid was never more than 112 lbs. per sq. ft, with 
an impact allowance of io^. The present Jlowrali Iiridge was 
designed to carry a siiperload of 28 ll»s. per sq. ft. without any 
albkwance for impact. It was also rciM>rted that “the averagt^ 
int'eiKsity of traflic in (Sreat Britain wa's heavier than in any other 
country in the world.’' It wonhl he interesting and useful to 
know liow this particular loading was adopted and whether it war* 
not ]K).ssib1e 1o reduce it and thereby cheapen tin* const riielion of 
tlie Ijridge. 

SrcoinlJy, In* wished to kirow why ti lem|MM*alnre variation of 
« 2(FF. was allowed in the evtilnation of teini>enitnre stresses. Jt 
was reported l»y dilferenl authorities that in (treat Britain such 
re inforced compete liridges were designed to withstand slim 
line to variation of > In America a. wider variation of tem 

jieraliire (at least * ItPF.) was allowed in reinforced concrete 
an lies. An ex|ieriment wa.s earned onl in the Iowa Stale College of 
Agriciillnre for the detcriniiiatioii of internal temperaUire range 
of variation in concrete arch bridges, Acn>riling tu that experi 
iiient, an allowance for 75% of tlie meaiialniospHcric variatnni was 
i‘< comtiteinleif. That e\|M*rinient also conclusively proved that the 
dinnial variation of tniiperatnre had no effect on re inforced 
concrete and it took at least I to 4 days to devel(»p stress due to 
temperature variation. .Merriman liitNvever recommended to 
evaluate the slresws on the basis of the full variation of tein|)eni 
tore. Fiinii Hie attavlied dingrain it would be seen that 
the normal atmosjdierie variation at diihbiilpore was tlO*4®F. If 
il was assumed that the temperature of no stre.ss was half of this, 
then ail alloAvance of ^.:MI'2°F. should have lK*en made. 

Thirdly, iiidiis opinion, every loncrete engineer in India would 
coiToiiorate tlie fact that poncrete of same proimrtions of aggre- 
gate and ceiinnt was found to give considerably more strength in 
India than in other <*onntHes. As for instance, the compressive 
strength of 1 ;2:4 iiiixtnn* w'srs usually found to lie Ihs. in 00 , 
flays in other plaees agaiiist 0,(H)0 lbs, here in 21 days. He 
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thought that workn in India could be made considerably cheaper 
by taking advuntago of this factor, lie suggested that the 
JiiHtltution of Eiigineers (indiii) Mhouid appoint a* Committee to 
iuveHtigate the data on whi(!h reinforml concrete structures in 
Iiidia< siioiild be designed. The ecotioituc and climatic conditions, 
as also the reqiii remen Is of this c^nintry diffeml C4njKideraldy from 
those of other piaees. 

In reply to Mr. Sleigirs f|iiestioiiH, Mr. Walton ex- 
plained that it was considered that a flood just passing 
over the lirblge. was tlie niost dniigerinis as the river carried down 
with it Hiicli a, Jot of deiiris in the form of trees, some standing iip 
and some lying Hat, etc., ilnis causing very considerable addition- 
al pressure and strain on the bridge and piers. In high floods all 
the debris could pass clear above the top of the bridge. The 
velocity of water was assumed to be almiit ir> ft. per second. 
Ill actual f)racti<*e, the iiia.\imutii surface velocity was found to be 
S ft. per second. It was generally admitted that open foundations 
were tl«‘ best if they could be ecoiioiiiically constructed, but when 
it became iieeessary to exi'uvate to excessive deptli and particular- 
ly wlien tli(» surrounding material was gravel through which 
water woiibi jiass very fitndy, and further when the sub-strata 
were tissured rock, then some other method of oblainug founda- 
tions iiad to lie 4*oiisi<]ered. T|ie depth originally i)ropoHcd for the 
three main piers ]ir<iYiMl to lie far Itio great for ofam foundations. 
To sink eaissons would perhaps have Ihmui an ideal method but the 
cost W'oiild have been prohibitive. The total cost of the bridgi; was 
absurdly cheap wliu*h miglit lie realise<l if a comparison was made 
wiMi other briitges in India. Any comparis<in with English 
iiridgc'H was almost out of the question as the cost of such bridges 
ill Kiiglaiul would be 5 or 10 times as gremt. Tt was difllcult to 
see what alternative to piles could have lieen suggested for the 
money that was available. Because of the Assured rock, wells 
would have iieeii almost impossible and again more ex{>ensive. 
Pih*s were the cheapest of the three methods above mentioned. It 
was not only a question of the capital ciist of pumps, but there 
.was the very senous running cost even for pier No. 7, and piers 
Nils, a and 5 were aboul; 7 ft. deeper. It was certainly essential 
to have expert staff for timbering deep foundations. As already 
mentioned in the sulisidiary notes, the cofferdam of pier No. 7 
gave way, in all probability due to the ^ity that formed behind 
the st^l cofferdain which allowed the steel cofferdam to spread 
outwards at the Imttom so that the timber struts fell, even 
tlmugh they were vertically strutted, thus allowing the whole 
cofferdam to collapse. Steel tubes for^jpasting in Htu piles 
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river vdiilfl bare b^n objectionable. In deeigning the bridge 
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mougn - iiH^v wetv vrmcauj ( nran«u ,' tsub amtniq; — i^ '^oie 
c»fferdain to ccdli^Nge. Steel tubes for^eesting im *ft« piles 
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could have been driven through the gravel j but the gravel might Tbf autl^ 
liavc fallen into the pile tiiln* m they wert* uHthdriiwii before tlie^ 
joiirrete eould have taken up its poaitiou. Furthermore It w*is 
almost certain that as battered piles \ver(» necessary the steel 
would have rested on the lower surface of the pile and so corrosion 
would have taken place. Wells sunk under pneniiiatic pressure, 

LIS meiitioiiei] by Mr. Sleigh, might have been a better solution, 
but the cost would have beiui tremendously gmiler, so in eousi- 
ileration of this, they were entirely ruliMl owt as the money was 
not available. Fier No. 1 was hiitt jointed. Alter the steel sliiHd 
piles had been extravt^nl, in Pier No. 1 a eoncre.te slab T G" tliiek 
re.inforeed with 7ri lb. rails, was hnilt upon the masonry work In 
order to join the two portions together, tbi top (d‘ this in addition 
a stone slab T G" thiek was hnilt. 

In eoniUM'tioii with sc<iur referred to hy Mr. t'realock as w<*ll 
as by Mr. Sleigh, it was not expected that seonr would reach as far 
as tiie toe of the piles, though ill mathematically calnihrting the 
strength of the piers it was assumed that this might happen. It 
woiihl liave been possible to place grout at. the toe of the piles on. 
the top or the soft rock hy means of tubes built into the lirldge. 
piers. This was actually discussed but eventually not considered 
to Ik? necessary. In the authors* opinion it would have hwi wiser 
to have kept talus so that this mighf have been done and thus 
make the piers more )iermaneiit. Local Kiigincer’s opinion at. the 
lime the work was startiul was that scour might he very heavy and 
that it w'onld he risky to leave even a steel sheet jule cotferdam in 
the river during the iliMMl season. The scour in exceptional sea 
sons when the flood rose to its inaxiiiinm height of 4G ft., might he 
great, but the experience obtained during tla* ’oust ruction of the 
bridge w'lieii the flood never reached a greater height than *20 ft. 
above the road level, indicated that practically no scour took 
place. Kveii cut, dressiMl masonry blocks 4le]M>slted in' many pbu'es 
remained in the river bed after a flood."* Practically no damngy* 
w’jm done to a temporary Hally pile constructiou bridge tlirougb 
flood, ami the steel cofferilams remained in perfect condition. 

In couneciioii with the arrii design us meutioiicd hy Mj*. 

Tonkin, no special precautions wciv? t$iken beyond those generally 
adopted for all goocl reiiifowMHl <?oncrete work, except that all 
corners, protrusions* hollows, pockets were omitted. in- 

stance a beam and slab design yfonld have been impossible as logs 
might have got under the slab and in between the beams and 
caused damage. In a similar way overhaniging coiiiels or parapets 
which wrould shelter and prevent the free flow of debris down the • 
river w'cftild have been objectionable. In designing the bridge 
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jh« Antbor. allowance wiui inmle for Ions of wci{{lit in tlie maaonry due to 
Hulimergence. 

TIiIn broiighi; up tiie qucHtioii of railings referred to by Mr. 
Harvey. They were all of the eollapHihle type designed especially 
HO as to avoid ohstriictionH and to allow debris to pasH down the 
river during Hood. These railings fitted into grooves and could in 
tilio Hinallf time of 20 minutes all be dropped into tlieir respective 
slots by a gang of 4 men. 

The system of piles at the llandala Ilridge, as mentioned by 
Mr. ('arroll, was entirely different frcun that adopted on the 
Tilwaraghat Jlridge. For the Tilwaraghat Jlridge the piles were 
mathematically calculated, both as to vertical and battered piles, 
to withstand the stresses due to either water velocity, dead load, 
live load or <'<‘centri(*ity of live load. For the Jlaudala Jlridge a 
type of reinforced concrete wells or even «*oiicrete cylinders wwe 
sunk. Owing to the irregularity of the ground these cylinders 
could not be taken down as far as was expected. ('onse(iuently 
vertical piles were <lriven Into the bottom of tlu‘ river through the 
centre of the cylinders as an extra precaution. 

The bridge >vas 1,222 ft. long and 21 ft. wide, and it. cost 
Us. 4, til, 000. Detailed cost of a briilge of this descri|dion 
for comparison Avitli that of other bridges wax a long subject, 
Imt roughly the 100 ft. submersible arches cost a little more 
than a similar concrete bridge of a non submersible ty})e; 
approximately tin* difference wax less than Us. 2 isn* sft. for the 
superstriK’tnre. For the HO ft. arches there was practically no 
difference between the cost of a submersible bridge and an ordinary 
beam and slab reinforciHl concrete high level bridge. 

A submersilile bridge for Tilwaraghat gained tmnendously 
over any other type as the piers would hav(> had to be more than 
40 ft. high, which meant at least double the height and double the 
length of the bridge. The Nerbndda Uiver at Tilwaraghat was 
subject to exi'eptional Hood conditions. As the foundations of the 
three central piers weiv very ditlicult and ex|iensive it would have 
lM*eu interi^sting to have lH*eii able to (‘onsider an alternative scheme 
with larger s])ans and so reduce the number of det^> foiiiidatiions. 
This was not done as the present spans wei*e the maxiinnni so far 
built for a submersible reiiiforceil <MincHde bridge. For a non.*|iub- 
imu'sible type the authors felt conlident that a ft. to 400 ft, 
single span ndiiforctHl conei*ete bridge in the centre would have 
lM»eji the most economical. 

The gravel varied in sixe from i inch to iiiches with 
if few huge iHiulders. It temk i*oiighly a day to drive a 
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17 tt. pile 12 foot — partly «lne to the nwvssity of keopliiK eooli pile Th* 
in its (Hirrect position. The* jtowotratiou pev i>low all the* way was 
vory small. The 2 ton hammer was at first drop],)|(l 4 feet and 
eventually the drop had to be inei*eased to S ft, to get the pile down 
at all. 

In it'ply to Mr. Warren Uoiiltoirs ipiery Mr. Walton 
said that the reason for the variat.ion of teinperalnri* was unknown 
to him. 

* In eoimeHion with Mr. WestonV remarks. Mr. Walton said 
that the paper was inteinled to «le.al witli the praetieal const rnetion 
rather than the design, as the lalftT woald have involved a 
treineiidons amount of extra detail and made the jiaper too large. 

He had no tletails of a reinfor<*ed «*oiicri^le snhint'rsihle bridge 
being washed away, but a’s in the cast* of X(*rliudda Steel Jtly. 
Hridge wlien a river ixise higher than it had hi*eii exp(*rl4*rl to, the 
velocity (»f water art iiig oil the giriler eanseil a tiirniug moment 
on the pier bases, ami if the flood conhl not float the ginh‘r off the 
whole bridge might be destroyed. This bridge was fhe lirsf for ibe 
road, previously lliere hail only been a ferry. These sabmersihle 
bridges were ilesigned to resist (he velocify of (he wa(er and allow- 
auce was made for trees iloatiiig down and impinging on them, but 
tlie arch elevation was so plain and simple that little debris eoiild 
stay at the bridge. Then* was no chance of a dam being crealed. 

On the jders of ibis bridge the resultant line of thrust was very 
miieh within the middle third. The haunches and weight of an 
arch were very great when compared wi(li a* girder, so the bridge 
was safe for a very iniicli greater velocity tban lo feet per second. 

In re[dy to liai Sahib K. (*, Ibinerjee. Mr. W alton pointed out 
lhat the Koad Hoard had more oi less accepted 12 an its Hritish 
Standard loading im hiding iriipavt to he the Stamlard for main 
road bridges in India, lie was unaware of the reason Jiow the 
temperature variation was settled, lie woald point out lhat ex- 
perience showed.! that conditions were genei'ally co(der in a river 
near a large area of >Virter. This might justify lower variations 
than for buildings or siiial) bridges in a town, lie agreed that 
conditions in Imlia^made it possible lo obtain higher strength of 
concrete at 2S days than in cold diiriates. 
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PATERSON 

WATER PURIFICATION 
METHODS INCLUDE: 

Rapid Gravity Filters 
Pressure Filters 
Lime-Soda Softeners 
Base-Exchange Softeners 
Chlorinators 
Ammoniators 
Ozonisers 

Activated Carbon Filters 
Dry Chemical Feeders 
Swimming Pool Plants 

THE PATERSON ENGINEERING 

CO. (INDIA) LD. 

WATER PURIFICATION SPEblALlSTS 'Hh 
2, Dalhousie Square, 
CALCUTTA. 
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Storage tanks 
Bridge cylinders 
Mill Columns 
Railway sleepers 
Cast iron Pipes 

Heavy machine 
Parts 


In art, It Is largely genius that counts; 
in Iron founding It's knowledge and ex- 
perience that provides the master touch, 
the master finish. We don't rank our- 
selves as artists, but we do claim that we 
are masters of our :rade and turn out 
castings of every sort and size of Peoog> 
nized excellence. 8end us your enquiries 
and let us quote both for fine workman- 
ship and quick delivery at a keen price. 

Light and heavy castings of every kind. 
Cast iron pipes a speciality. 

All enquiries receive immediate attention. 
Catalogues and . price lists are sent on 
request. 
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Full details and estimates direct from 

WORTHINQTON-SIMPSON Ltd. 

10i Cliv* 8trM^ Calcutta. 
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THE CABLE FOR TO-DAY 
AND TO-MORROW 



For all situations where moisture, heat and/or rust 
are likely to affect an ordinary rubber insulated 
cable; in fact for ail onerous situations in the 
tropics, use “SUPERITE.” 

W. T. HENLEY'S TELEGRAPH WORKS Co., Ltd. 

(Incorporated in England.) 

Head 11, Holborn Viaduct, LONDON, E. C. 1. 

ll'orAj;— North Woolwich Gravesend, England. 


Branches in India. 

CALCUTTA P. 0. Box 390, Henley House. KARACHI P. 0. Box 262, McLeod Road. 
BOMBAY P. 0. Box 286, Henley House. LAHORE P. 0. Box 159, The Mall. 
MADRAS P. 0. Box 216, Henley House. DELHI P.O. Box 80, Chandni Chowk. 


Agents in Burma 6r Ceylon. 

Chas. R. Cowie d Co., Rangoon and Mandalay. 

Brown d Co., Ltd., Colombo, Kandy and Hatton. 
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INDIAN WATER WORKS PRACTICE. 

' In Demy 8vo. cloth 482 iMges— with about 
400 illustrations, diagrams and working tables. 

BY 

K, C. BANERJEE. 

Executive Engineer P.H.D,^ Bengal, Member of the Institution of Engi* 
neers 1 1 ndia). Member of the A merieau Waterworks ^ ssociation, A ssociate 
Member of the American Public Health Association, Member of the Asso- 
ciation of Engineers, Visitinn Lecturer Bengal Engineering College, Exa* 
miner in Sanitary Engineering to the University of Calcutta, 

A treatise dealing scientifically with the problems arising in the designs, 
construction and operation of Waterworks in India from the point of view 
of a practical engineer. The book has been written to meet the require- 
ments of Engineers, Consultants and Advanced Engineering students. It 
I covers the syllabus of the I. S. E. and I. R. S. K. examinations and aUo 
I that of the Associate Membership Examination of the Institution of 
Engineers (India) and of the Indian Universities, whilst practical details of 
service in every day Waterworks engineering are also dealt with. 

The book is written by a teacher of many years standing and who 
has himself designed, executed and operated many omportapt water- 
works in this side of the country, 

CONTENTS.— Dev^J.Opmcnt of public water supply— Quantity of water 
required by a community— Sources of supply— Rainfall and the portion 
available for human service— Volume and permanancy— Collection of | 
water — Purification of water— Conveyance off water— Clear water and 
service reservoir— Distribution of water — Data regarding pipeju. and acces- 
sories— Service connections— Waste preventon and metering- Manigement, 
Maintenance and Finance— Water Alialysis — Sand Analysis — Alkalinity 
estimation, etc. 

THE BOOK COMPANY LI>., COLLEGE SQUARE, CALCUTTA. 


NEW BOOKS 


Water Power its Estim- 
ation and Development 
with Particular Refer- 
ence to India. A Practical 
Treatise for Civil and Elec- 
trical Engineers. By J. W. 
MEARES, C.I.E, F. R. A. S., 
Telford Medalist, M. Cons. E., 
M.fnst. C.E. M.I.E.E., M.I.E. 
{ I nd. ) , formerly Electrical 
Adviser to the Government of 
India, and Chief Engineer, 
Hydro- Electric Surypy of India. 
This book summarises the 
aythor's work on the subject 
In a manner a p e ci a 1 1 y 
adapted and applicable to 
India. With Illustrations and 
Tables, Re. 8. 


The Law Relating^ to slNio- 
trleal Enorigy In India# 

With Introduction. Annota- 
tions, Rules, Forms and all 
amending and oonnected Acts^ 
as revised up to 1933. By J, 
W. MEARES. C. I. E. Fourth 
Edition. Re. 16. 

Neon. A Handbook for Elec- 
trical Engineers. Neon Manu- 
facturers, 8ign Salesmen and 
advertisers. By S. GOLD. 

Re. 5-10. 

The scope of this book Is Indica- 
ted In the eub-title. It is 
icomprehenelve. The book 
contains 17 illustrations. 


THACKER SPINK A CO. (1933) LTD. 

P. O. Box 54, CALCUTTA. 
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BIRD & CO., CALCUTTA. 

CONSTRUCTION DEPARTMENT 
ENGINEERS, BUILDERS ft CONTRACTORS 
SPECIALISTS IN 

'^INFORCED CONCRETE 

BUILDINGS. BRIDGES. 
FOUNDATIONS. JETTIES, 
WATER TOWERS. SPUN- 
PIPES, PILING, ETC. 


INSTITUTION OF ENGINEERS. 
HEADQUARTERS BUILDING 
CALCUTTA. 
CONSTRUCTED BY 

BIRD & CO., 

CALCUTTA 



CHARTERED BANK 
BUILDINGS 
Post Box 46 










